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ABSTRACT
Obesity has been identified as a global epidemic and is associated with significant
morbidity and mortality. Body Mass Index (BMI) is commonly used to determine
overweight and obesity in epidemiological studies, however, BMI cannot
differentiate the fat and lean mass in body composition and an increasing number
of studies are reporting that the relationship between BMI and %BF is different
among different populations (Deurenberg, Deurenberg-Yap & Guricci, 2002;
Deurenberg, Yap & van Staveren, 1998). Moreover, assessment of body
composition is a better approach in the evaluation of nutritional and health status.
Some anthropometric measures and indices such as waist circumference (WC),
waist-to-stature ratio (WSR), and waist-to-hip ratio (WHR) are also suggested as
better indicators of obesity compared with BMI. However, assessments of
anthropometry and body composition and their associated benefits in Indonesian
adults are very limited. This may be partly due to the limited field-based methods
available to assess body composition in this population. Many studies have reported
the usefulness of prediction equations from anthropometric measures and
bioelectrical impedance analysis (BIA) to provide detailed assessment of body
composition. However, no data has been reported for Indonesian populations. The
present study provides knowledge of anthropometry and body composition in
Indonesian adults and some associated factors including body image, eating
behaviours, and physical activity. The present study also develops a number
anthropometric and BIA equations to predict body composition in Indonesian
adults.
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The present thesis was organized into three study parts. In study one, the objectives
were to provide new knowledge and understanding of the anthropometry and body
composition of Indonesian adults and to develop anthropometric prediction
equations to estimate body composition. A total of 600 adults aged 18–65 years
from Javanese ethnicity living in Yogyakarta Special Region Province participated in
the study. Deuterium isotope dilution technique was used as a gold standard
measurement to predict total body water (TBW) and subsequently derive fat-free
mass (FFM) and fat mass (FM). The body impedance component was measured
using a single frequency (50 Hz) BIA analyzer from which TBW, FFM, and FM were
predicted. Differences between males and females were observed in most of the
anthropometric measures. Males were taller and heavier than females (p < 0.001),
on the other hand, BMI and %BF were higher in females (22.4 ± 3.8 kg/m2, p = 0.01
and 33.3 ± 7.7%, p < 0.001, respectively) compared to males (21.6 ± 3.5 kg/m2 and
21.4 ± 7.0%, respectively). The BMI, WC, WHR, and WSR cut-off values showed low
sensitivity in our samples (between 18.4 and 71.1%) and new proposed cut-offs
increased the sensitivity to reach 66.7 to 88.5%. New cut-offs for BMI, WC, WHR,
and WSR for determination of obesity were 21.86 (kg/m2), 76.78 (cm), 0.86, and
0.48 respectively for males and 23.61 (kg/m2), 71.68 (cm), 0.77, and 0.47
respectively for females.
The present study also indicated that some anthropometric and BIA equations
developed from other populations either underestimated or overestimated %BF
when applied to participants in this study. BMI equations to predict %BF proposed
by Gurrici et al. (1998) for Indonesian adults in a previous study resulted in 3.33 ±
4.81% higher values (p<0.001) in males and 2.27 ± 5.52% higher (p<0.001) in
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females. Our study also indicated that BMI showed poorer predictive power for %BF
compared with other anthropometric measures (r = 0.631 in males, 0.701 in
females, and 0.817 in total sample). Among anthropometric measures, waist,
relaxed arm, and gluteal girths, humerus breadth, triceps, and iliac crest skinfolds,
and WSR were strong predictors of %BF. A combination of both genders provided
stronger correlation with %BF (r from 0.817 to 0.864). Cross-validation indicated
that our new prediction equations were highly correlated (r ranged from 0.685 to
0.886), with low bias (from 0.15 to 1.41%), and low pure error (2.80 to 3.96%) with
measured %BF. Our new proposed BIA equations showed high correlation with
measured body composition with r ranging from 0.806 to 0.938, and a cross-
validation study also indicated that our new BIA equations were highly correlated (r
from 0.745 to 0.932), low bias (from 0.01 to 0.89 unit difference), and low pure
error (from 1.34 to 3.41 unit) with measured body composition.
Study two examined the reliability of the translated instruments to assess body
image, eating behaviours, and physical activity in Indonesian adults. Our study
demonstrated that the 16-item Body Shape Questionnaire (BSQ; Evans & Dolans,
1993) and the Contour Rating Drawing Scale [CDRS; Thompson & Gray, 1995), the
Eating Habit Questionnaire (EHQ; Coker & Roger, 1990), and the International
Physical Activity Questionnaire (IPAQ; www.ipaq.ki.se) showed high reliability for
the assessment of body image, eating behaviours, and physical activity respectively.
The BSQ and the EHQ showed high internal reliability with Cronbach’s alpha
coefficients at least 0.882 (p≤0.001) for the BSQ and from 0.701 to 0.855 (p≤0.001)
for the EHQ. Repeatability after one week was high with correlation values between
v0.928 and 0.982 between the BSQ, 0.523 and 0.951 for the CDRS, between 0.701
and 0.855 for the EHQ, and between 0.950 and 0.952 (p≤0.001) for the IPAQ.
The translated 16-item BSQ, CDRS, EHQ, and IPAQ also demonstrated weak to
strong correlations with body weight, BMI, and self-rating of body weight.
Correlation of the 16-item BSQ was moderate with r values ranging from 0.459 to
0.527 (p≤0.001 to 0.042) using body weight, 0.399 to 0.690 (p≤0.001 to 0.081) using
BMI, and from 0.412 to 595 (p≤0.001 to 0.071) using self-rating. The CDRS showed
the greatest correlation among other instruments with r ranging from 0.678 to
0.902 (p≤0.001) for correlation with body weight, BMI, and self-rating. The EHQ and
the IPAQ demonstrated low correlation and considered not significant. The results
of the reliability tests support the use of the instruments in Indonesian adults
however, future studies should include validity assessments of these instruments.
The aim of study three was to examine the association between body image, eating
behaviours, and physical activity with anthropometric variables and body
composition in Indonesian adults. The BSQ scores were fairly correlated with
anthropometric variables and body composition (r = 0.254 to 0.475; p≤0.001). The
correlations were slightly stronger in females and when using skinfold thickness as a
measure. The CDRS (which assesses current body size) showed the highest
correlation with all anthropometric and body composition measures (r = 0.225 –
0.687; p≤0.001), whereas correlations between ideal body size and anthropometric
variables and body composition showed only weak correlation. Correlations with
skinfold measures were greater than other measures with magnitude of correlation
similar in both genders. Discrepancy between ideal and current body size
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significantly correlated with almost all anthropometric variables and body
composition in females only. The EHQ also showed only weak correlations with
most of the measures regardless of gender (r = 0.130 – 0.258; p≤0.001 and p≤0.05).
Using the IPAQ, negative correlations with anthropometric variables were observed
and males showed stronger correlations than females (r = 0.145 – 0.430; mostly
p≤0.001).
Our study identified body image distortion in some of those samples. For example,
10.0% of severe underweight and 16.7% of underweight females using BMI
classification for obesity wanted to be thinner. On the other hand, 5.6% of obese
males and 2.4% of obese females wanted to be fatter. Age, education, and
occupation influenced the distribution of body dissatisfaction and body shape
concerns. Regardless of gender, proportions of those who were dissatisfied with
body shape increased with an increase of socio-economic status. Accordingly,
efforts should be made from a public health perspective to encourage Indonesians
to maintain a healthy body size and composition and to develop a healthy body
image.
In conclusion, the current study provides comprehensive data on anthropometry
and body composition as well as knowledge on body image, eating behaviours, and
physical activity of Indonesian adults. The study also provides anthropometric and
BIA prediction equations which allow a low-cost assessment of body composition
for Indonesian adults. The translated instruments used to assess body image, eating
behaviours, and physical activity in the current study showed high reliability for use
in the Indonesian adult population.
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1CHAPTER 1: INTRODUCTION
1.1 BACKGROUND
In recent decades, obesity has been identified as a global epidemic (Asia Pacific
Cohort Studies Collaboration, 2007; Mascie-Taylor & Goto, 2007; World Health
Organization, 2012a, 2012b). The prevalence of obesity has been increasing rapidly
in developed countries (Chen, Rennie & Dosman, 2009; Walls et al., 2010) as well as
in developing countries (Aekplakorn & Mo-Suwan, 2009; Nguyen & El-Serag, 2009),
including Indonesia (Ministry of Health Republic of Indonesia, 2007). Some studies
have demonstrated that obesity is associated with cardiovascular diseases,
metabolic syndrome, osteoarthritis, damage to respiratory and reproductive
systems, and certain cancers (Bogers et al., 2007; Kopelman, 2007; Mhurchu,
Rodgers, Pan & for Asia Pacific Cohort Studies Collaboration, 2004; Nock,
Thompson, Tucker, Berger & Li, 2008; World Health Organization, 2002) which
subsequently increase morbidity and mortality (Mascie-Taylor & Goto, 2007;
Sardinha & Teixeira, 2005). A practical and precise assessment of body composition
is consequently important for clinical practise and research to monitor overweight
and obesity, especially in the management of prevention and treatment efforts.
However, little information was available regarding assessment of body
composition in relation to obesity in Indonesia.
Body Mass Index (BMI) is the most widely used tool to determine overweight and
obesity in clinical and epidemiological studies. However, employing BMI to classify
overweight and obesity has limitations as the index cannot distinguish between lean
2and fat mass (Dancause et al., 2010; Peltz, Aguirre, Sanderson & Fadden, 2010). A
number of studies have indicated the inconsistency of the relationship between
BMI and per cent body fat (%BF) which reflects the limitation of BMI (Flegal et al.,
2009; Peltz et al., 2010; Taylor et al., 2010). Other studies show that assessment of
body composition, in particular fat mass (FM) and fat-free mass (FFM), is a better
approach to evaluate nutritional and health status, including obesity (Moreno et al.,
2006; Seidell, 2005; Tanaka et al., 2004). Therefore, assessment of body
composition, particularly %BF, should be considered in addition to BMI to provide a
more accurate evaluation of body composition.
BMI is not the only anthropometric measure to have received much attention from
researchers in studies of body composition. There is an abundance of
anthropometric data on the human body, including measurements of skinfold
thickness at numerous sites, circumferences and lengths at various parts of the
body, and a number of anthropometric indices. These anthropometric measures
have been used to develop models (equations) to predict body composition
(Bellisari & Roche, 2005; Davidson et al., 2011; Deurenberg, Deurenberg-Yap, Wang,
Lin & Schmidt, 2000; Kagawa, Kerr & Binns, 2006; Norton, 2009). Waist
circumference (WC), waist-to-hip ratio (WHR), and waist-to-stature ratio (WSR) are
among the anthropometric measures which have been studied extensively,
particularly their associations with body fatness and subsequently obesity.
However, there is still controversy regarding the relationship between
anthropometric indices and body fatness. For example, Flegal et al. (2009) indicated
that WC and WSR did not perform better than BMI as indicators of body fatness
while another study by Peltz et al. (2010) found that fat mass index (FMI) was more
3accurate than BMI. Differences could be due partly to ethnic differences in the
characteristics of body composition and anthropometry. Many scientific reports
have showed that the relationship between body fatness and anthropometric
measures, including BMI is not only age and gender dependent, but also ethnic
dependent (Deurenberg et al., 2000; Deurenberg et al., 1998; Heyward & Wagner,
2004; Rush, Freitas & Plank, 2009; Stevens, Katz & Huxley, 2010). Further studies
are needed to explore these associations in specific ethnic target groups.
Assessment of body composition in laboratory and field settings has been a
prominent area of research over an extended period of time (Going, 2005;
Pietrobelli, Heymsfield, Wang & Gallagher, 2001; Withers, Laforga, Heymsfield,
Wang & Pillans, 2002). Multi-compartment models, the four-compartment (4C)
model, for example, provides assessment of components of body composition such
as water, fat, mineral, and protein (Ellis, 2000). The model is considered the gold
standard for body composition analysis and a criterion method to validate the
accuracy and precision of measurement of the other methods (Wither, Laforgia,
Heymsfield, Wang & Pillans, 2009). Although the 4C model is preferred, the
approach requires expensive equipment, is time consuming, and is largely
laboratory based. As a result, the 4C model is not suitable for routine clinical
assessments and epidemiological surveys in field settings. Bioelectrical impedance
analysis (BIA) is considered a practical and useful technique for body composition
assessment in clinics and research in field settings. The BIA technique is more cost-
efficient, non-invasive, rapid, easy to operate without extensive training, and
portable. A growing body of literature has reported the advantages and validation
of BIA for prediction of body composition (Dehghan & Merchant, 2008; Deurenberg
4et al., 2001; Jaffrin & Morel, 2008; Kyle et al., 2004b; Leal et al., 2011; Macias,
Aleman-Mateo, Esparza-Romero & Valencia, 2007; Meeuwsen, Horgan & Elia,
2010). BIA is a measure of total body water (TBW) from which FFM can be
estimated by assuming a constant hydration of the FFM and, subsequently FM and
%BF can be calculated (Deurenberg & Deurenberg-Yap, 2001; Kyle et al., 2004a).
Since body water distribution and body build can differ between gender and ethnic
groups, BIA equations should also be gender and population-specific.
With the increasing prevalence of obesity in society, there is a concurrent expansion
of the occurrence of disordered behaviours and disturbance of body image
(Chisuwa & O'Dea, 2010; Gluck & Geliebter, 2002). Duncan and Nevill (2010)
indicated that body image may relate to body composition. Their findings suggested
that, while BMI, WC, and WHR did not have a significant relationship with body
satisfaction, %BF showed a significant association with body satisfaction. Likewise,
Kagawa et al. (2007) in a study using young Japanese males and females also
highlighted the importance of using %BF assessment in body image research. This
study showed that young Japanese adults, particularly females, had a poor
understanding and perception of “heaviness” and “fatness” in relation to measured
body composition, which may have implications for increased health risk. In certain
populations perception of body image may differ from the norm, for example, Asian
migrants living in Europe have been reported to have a large body size preference
as they equated large body size with health and successful reproduction (Bush,
Williams, Lean & Anderson, 2001). Research also indicated that some obese people
may be dissatisfied with their bodies, this dissatisfaction was not sufficient to
stimulate them to lose weight (Chang, Chang & Cheah, 2009; Tarigan, Hadi & Julia,
52005a). More studies of body image are needed to explore the relationship
between body image and obesity due to the high cultural variability among
ethnicities in Indonesia.
Obesity is also associated with physical inactivity (Pate et al., 1995) and eating
behaviours (May et al., 2010). Irrespective of the specific contribution of diet and
exercise, being physically active was suggested addition beneficial to reduce body
fat (May et al., 2010) and the risk of developing metabolic syndrome (Crespo et al.,
2002; Sacheck, Kuder & Economos, 2010) and coronary heart disease (Arsenault et
al., 2010). Some studies have also suggested that eating behaviours may contribute
to the development of overweight and obesity (Goldschmidt, Aspen, Sinton,
Tanofsky-Kraff & Wilfley, 2008). For example, unhealthy weight control behaviours
and binge eating during childhood may lead to a person being overweight during
adulthood. Being overweight can lead to individuals being stressed in the social
environment and increase their concerns about body size and shape (often body
weight), which may result in negative emotions and poor eating behaviours,
including dieting and binge eating (Goldschmidt, Aspen, Sinton, Tanofsky-Kraff &
Wilfley, 2008).
For assessment of body composition, many studies have developed equations to
predict body composition from BIA measurements (Chumlea & Sun, 2005) and
anthropometry (Fernandez et al., 2003; Friedl et al., 2001; Gurrici, Hartriyanti,
Hautvast & Deurenberg, 1999a; Kagawa, Kerr & Binns, 2006; Kagawa, Kuroiwa, et
al., 2007; Peterson, Czerwinski & Siervogel, 2003). At present, however, neither BIA
nor anthropometry equations except the BMI equation of Guricci et al. (1998) and
6TBW equation of Gurrici and colleagues (Gurrici, Hartriyanti, Hautvast &
Deurenberg, 1999b), is available specifically for the Indonesian population. Given
that body composition and BIA results are influenced by age, gender, and ethnicity,
BIA and anthropometry equations should be developed specifically for the
population of interest (Dehghan & Merchant, 2008). Moreover, studies have
demonstrated that Asians, including Indonesians, have a higher %BF at a given BMI
for the same age and gender than Caucasians (Deurenberg et al., 1998; Gurrici,
Hartriyanti, Hautvast & Deurenberg, 1998; Gurrici et al., 1999a). Indonesians have
generally 4.8% percentage points higher %BF compared to Dutch people of the
same weight, height, age, and gender (Gurrici et al., 1998). Studies on the body
composition of Indonesians have indicated either over- or underestimation of %BF
predicted from skinfold measures and BIA prediction equations developed from
Caucasians when compared with %BF obtained from a reference method utilized in
each study (Deurenberg et al., 1998; Gurrici et al., 1998, 1999a; Isjwara, Lukito &
Schultink, 2007; Küpper, Bartz, Schultink, Lukito & Deurenberg, 1998). Isjwara et al.
(2007) found that %BF obtained from underwater weighing was significantly
different from %BF assessed with BIA and using a BMI equation. Similarly, Küpper et
al. (1998) reported that BMI, BIA, and skinfold measures underestimated %BF
compared with the value from the three-compartment model. Gurrici et al. (1999)
also indicated that skinfold equations underestimated %BF compared with %BF
estimated using the deuterium dilution technique. Accordingly, the present study
aimed to develop anthropometry and BIA equations to predict body composition
for Indonesian adults using the deuterium dilution technique as the reference
technique.
7In addition, little is known about the eating behaviours, body image, and physical
activity levels of Indonesian adults and their associations with obesity. A physical
activity survey undertaken in 51 mostly developing countries (Guthold, Ono, Strong,
Chatterji & Morabia, 2008), suggested that approximately 15% of males and 29% of
females lacked sufficient physical activity to reduce the risk of chronic disease. A
national survey estimated 48.2% of Indonesian adults (54.5% females and 41.4%
males) have an inappropriate physical activity level (Ministry of Health Republic of
Indonesia, 2007). Another study indicated that urban and obese adolescents living
in Indonesia had less physical activity than rural and non-obese adolescents
(Huriyati, Hadi & Julia, 2004). Moreover, although obese adolescents had greater
body dissatisfaction than the non-obese, this did not translate to a reduction in
energy consumption or an increase in energy expenditure (Tarigan et al., 2005a).
Since there is a lack of studies of similar design using Indonesian adults, there is a
substantial need to perform studies to explore body image, eating behaviours, and
physical activity, and their association with body composition to provide knowledge
of these associations and subsequently lead to suggestions for interventions if
necessary.
The present study is the first to evaluate the relationship between anthropometry
and body composition, and to investigate some factors which may associate with
them including body image, eating behaviours, and physical activity in Indonesian
adults. Chapter 2 provides a comprehensive review of the literature including the
definition of obesity, assessment of body composition and anthropometry, and
their association with overweight and obesity. The review also addresses body
image, eating behaviours, and physical activity in general as well as specifically in
8Indonesian adults. Chapter 3 describes the measurement of anthropometry and
body composition in the population and regression analyses of the measures
undertaken against the standard method to develop prediction equations. Chapter
4 addresses the reliability of the translated instruments used to evaluate body
image, eating behaviours, and physical activity in Indonesian adults. The next
chapter reports the assessment of body image, eating behaviours, and physical
activity; and evaluates the associations with anthropometry and body composition.
Following the presentation of the research findings, the thesis concludes with a final
discussion, conclusion, and implications as well as recommendations for future
studies (Chapter 6).
1.2 SIGNIFICANCE OF THE STUDY
This study provides comprehensive data of anthropometric measures and body
composition of Indonesian adults. The use of a standardized methodology for the
anthropometric measurements and percent body fat (%BF) estimation provides
greater validity of this study. The comprehensive anthropometric and body
composition assessment using the reference technique allows the examination of
the relationships between %BF and anthropometric measures and appropriate cut-
off points for obesity for Indonesians. The significance of the current study is the
determination of new cut-off points for BMI, waist circumference (WC), waist-to-hip
ratio (WHR), and waist-to-stature ratio (WSR) for obesity in Indonesians.
A significant component of the study was the development of anthropometric and
BIA equations to predict body composition in Indonesian adults. This study is the
first to develop and cross-validate anthropometric and BIA equations for the
9prediction of TBW, FFM, and FM using a large sample, comprehensive
anthropometric data, and an acceptable reference method of body composition
assessment. These new prediction equations provide a feasible method for the
estimation of body composition in Indonesian adults, and thus for more accurate
obesity determination.
This study also provides new insights regarding body image, eating behaviours, and
physical activity for this population. While very little information has been available
to date on these topics, the current study introduces reliable translated instruments
for future research on these issues. The study also identified a number of
participants with a distorted body image, potentially placing them at a greater risk
for the maintenance or development of obesity.
1.3 AIM OF THE STUDY
The aim of this study was to examine the anthropometric and body composition of
Indonesian adults and associations with body image, eating behaviours, and
physical activity.
1.4 OBJECTIVES OF THE STUDY
1) To provide comprehensive data of anthropometry and body composition of
Indonesian adults.
2) To establish the relationship between anthropometric measures and %BF and
its application for the determination of obesity.
3) To develop and cross-validate new anthropometric and BIA prediction
equations for estimating %BF in Indonesian adults.
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4) To examine the validity of established anthropometric and BIA prediction
equations commonly used in the study of body composition in Indonesian
adults.
5) To develop and examine the validity of translated questionnaires, namely the
Body Shape Questionnaire (BSQ), the Contour Drawing Rating Scale (CDRS), the
Eating Habits Questionnaire (EHQ), and the long form of the International
Physical Activity Questionnaire (IPAQ) in Indonesian adults.
6) To examine body image, eating behaviours, and physical activity of Indonesian
adults.
7) To assess the relationship between body image, eating behaviours, physical
activity, anthropometry, and body composition of Indonesian adults.
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CHAPTER 2:  LITERATURE REVIEW
Existing studies have reported a worldwide increase in the prevalence of overweight
and obesity and the association with a range of health problems (Asia Pacific Cohort
Studies Collaboration, 2007; Bray, 2005; Garaulet, Ordovas & Madrid, 2010; James,
2004; Kopelman, 2007; Stevens & Truesdale, 2003), for example, cancers and all-
cause mortality (Teucher, Rohrmann & Kaaks, 2010), type 2 diabetes (Yoon et al.,
2006), and cardiovascular disease (CVD) (Garrison, 1998). However, many
researchers have concerns regarding the definitions of overweight and obesity and
their applicability in various populations (Garrison, 1998; World Health Organization
Expert Consultation, 2004). A number of studies have also attempted to determine
different factors related to overweight and obesity such as body image, eating
behaviours, and physical activity (Levin, 2005; Ulijaszek, 2007). The proposed study
will explore anthropometry and body composition in Indonesian adults and factors
that may be associated with them such as body image, eating behaviours, and
physical activity. Therefore, this section will further review the current literature on
overweight and obesity, anthropometry and body composition, body image, eating
behaviours, and physical activity from both general and specific contexts to the
Indonesian adult population.
2.2 DEFINITION OF OVERWEIGHT AND OBESITY
Overweight and obesity are often determined by body mass index (BMI). The
principal cut-off points for international classification of adults’ weight according to
BMI by WHO for determination of obesity is a BMI equal to or greater than 30
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kg/m2, whereas individuals with a BMI of equal to or greater than 25 kg/m2 but less
than 30 kg/m2, are categorized as overweight (World Health Organization, 2002).
The WHO BMI classification of overweight and obesity is widely used in many
countries. However, body fatness may be a more appropriate indicator for the
classification of overweight and obesity. Body fat proportion of at least 25% of total
body mass for men and at least 30% for women is also considered an indicator of
obesity (Frankenfield, Rowe, Cooney, Smith & Becker, 2001). It has been suggested
that obesity as defined by %BF generally presents at a BMI of more than 30 kg/m2.
However, evidence has indicated that 30% of men and 46% of women with a BMI
less than 30 kg/m2 may have obese levels of body fat and hence a misclassification
of obesity by BMI (Frankenfield et al., 2001). It has been reported that Asians
including Indonesians have a higher body fat percentage but lower BMI as
compared to Caucasians (Deurenberg-Yap, Schmidt, van Staveren , Hautvast &
Deurenberg, 2001; Deurenberg-Yap, Schmidt, van Staveren & Deurenberg, 2000;
Deurenberg et al., 1998; Gurrici et al., 1998, 1999a). As a consequence, the
objective health risk pertaining to obesity when evaluated as an excessive level of
body fatness could be greater than the prevalence of obesity as defined by BMI.
Some studies have suggested different cut-off points for obesity based on BMI for
different populations and, therefore, there is an argument that cut-off points
should be defined specifically for certain populations. For example, Deurenberg et
al. (1998) and Gurrici et al. (1998) suggested that cut-off values for obesity for
Asians, including Indonesians, should be 27 kg/m2. WHO redefined the BMI cut-off
point for determining the risks of type 2 diabetes and cardiovascular disease for the
Asian population. In this population, a BMI from 22–25 kg/m2 was used for
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observed risk, 26–31 kg/m2 for high risk, and four action points for public health
action were identified as 23 kg/m2 or higher representing high risk. The suggested
categories are as follows: less than 18.5 kg/m2 underweight; 18.5–23 kg/m2
increasing but acceptable risk; 23–27.5 kg/m2 increased risk; and 27.5 kg/m2 or
higher indicates high risk (WHO Expert Consultation, 2004). A study by Wen et al.
(Wen et al., 2009) supported the need for lower BMI cut-off values for Asian
populations, i.e. 23–24.9 kg/m2 for overweight and ≥25 kg/m2 for obesity. Since
individual differences in body build may lead to misclassification of BMI, additional
measures should be performed to provide a valid identification of obesity.
Many studies have reported the prevalence of obesity in diverse ethnicities and
nationalities. The prevalence of obesity is not limited to developed countries but is
increasingly prevalent in some lower- and middle-income countries as reported by
the Asia Pacific Cohort Studies Collaboration (2007) and Nguyen et al. (2009).
Approximately 300 million people in the world are obese, and this number could
double by 2025 (Formiguera & Canton, 2004). Data presented by the Asia-Pacific
Cohort Studies Collaboration in 2007 demonstrated that among the 14 countries
involved in the survey, the prevalence of overweight and obesity ranged from less
than 5% in India (India Nutrition Survey, 1998) to 60% in Australia (Australian
Diabetes, Obesity and Lifestyle Study, 2000) based on studies conducted between
1993 and 2004. Occurrence of obesity among urban Australian adults as reported
by Walls et al. (2010) showed in that mean BMI has increased significantly between
1980 and 2000 along with the prevalence of obesity (Walls et al., 2010). The most
rapid increase in obesity was seen in China where rates have increased by a factor
of four during the last two decades (Asia Pacific Cohort Studies Collaboration,
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2007). The prevalence of obesity has also increased dramatically in rural Canada
between 1977 and 2003 especially among younger adults (Chen et al., 2009) and in
Thailand between 1991 and 2004 (Aekplakorn & Mo-Suwan, 2009). In Indonesia,
the prevalence of overweight and obesity increased to 19.1% in 2007 from 16.8% in
2000 (Asia Pacific Cohort Studies Collaboration, 2006) of which 8.8% were defined
as overweight and the remainder (10.3%) as obese (Ministry of Health Republic of
Indonesia, 2007). These numbers were greater than the estimated 16.8% in 2000
(Asia Pacific Cohort Studies Collaboration, 2007) and were predicted to increase in
future decades (Ministry of Health Republic of Indonesia, 2007). This prevalence
was solely based on BMI obesity category. The number would probably be different
if other measures, for example %BF, were used to classify obesity. Comparison
among these classifications is therefore warranted to provide an objective
evaluation of obesity prevalence in Indonesia.
An increasing number of studies have related excessive weight expressed as BMI,
with various diseases. Kopelman (2007) summarized several health risks associated
with overweight and obesity including metabolic syndrome, type-2 diabetes,
hypertension, coronary artery disease (CAD) and stroke, respiratory effects,
reproductive system disease, osteoarthritis, and liver and gallbladder disease. It is
predicted that 30% of middle-aged people in developed countries are at risk of
metabolic syndrome and 90% of people with type-2 diabetes have a BMI >23 kg/m2
(Kopelman, 2007). WHO (2002) recognized that a BMI of more than 21 kg/m2
contributed to nearly 58% of diabetes mellitus occurrences and 21% of occurrences
of ischemic heart disease. Overweight and obesity may provoke metabolic effects
on blood pressure, cholesterol (Bogers et al., 2007; World Health Organization,
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2002), triglycerides, and insulin resistance (World Health Organization, 2002). It has
been suggested that interactions of BMI and the risk of cardiovascular disease are
strong in the Asia-Pacific region as observed in 33 cohort studies involving 310,000
participants (Mhurchu et al., 2004) and in the United States (Garrison, 1998).
However, the role of BMI as a predictor of cardiovascular and other metabolic
diseases is still controversial. Li and McDermott (2010) indicated that BMI is not a
good discriminator of these diseases in Australian Indigenous populations (Li &
McDermott, 2010). However, a review study by Qiao and Nyamdorj (2010) in a total
of 17 prospective and 35 cross-sectional studies found that regardless of the
controversial findings of which among BMI, WC, and WHR is a better indicator for
obesity, each of the indicators was found to have a relationship with type-2
diabetes (Qiao & Nyamdorj, 2010b).
Obesity is also associated with some cancers. Obesity and an increase in the body
mass index (BMI) of 10 kg/m2 or more, particularly among women above 30 years of
age, are associated with increased risk of colon cancer (Nock et al., 2008). A review
of 56 studies from 1980–2008, in North America, Europe, and Asia by Ning et al.
(2010) showed that BMI was associated with an increase risk of colorectal cancer.
Asian and premenopausal women with a BMI <23kg/m2 had a significantly
increased risk as compared to having a BMI the normal range (23–25 kg/m2).
Excessive body weight was associated with an increased risk of liver cancer in
eleven cohort studies of which seven were conducted in Europe, two in the United
States, and two in Asia (Larson & Wolk, 2007). In addition, Kopelman (2007)
estimated that 10% of all cancer deaths among non-smokers were related to
obesity, of which 30% were endometrial cancers. Prostate, endometrial, kidney, and
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gallbladder cancers were also associated with obesity (Mascie-Taylor & Goto, 2007;
World Health Organization, 2002; World Health Organization Regional Office for
South-East Asia, 2002).
The WHO South-East Asia Regional Office (SEARO) (2002) suggested that
cardiovascular diseases, cancers, and diabetes mellitus are some of the major non-
communicable diseases which are responsible for almost 60% of deaths and 46% of
the global burden of disease. In developing countries, approximately 75% of total
deaths are attributed to non-communicable diseases (World Health Organization
Regional Office for South-East Asia, 2002). The Indonesia National Health Survey
2007 (Ministry of Health Republic of Indonesia, 2007) demonstrated that non-
communicable diseases increased from 42% to 60% in the period from 1995 to
2007. Of these non-communicable diseases, cardiovascular diseases, hypertension,
and diabetes mellitus were responsible for as many as 66.2% of deaths in Indonesia
(Ministry of Health Republic of Indonesia, 2007). Despite the high mortality rates of
obesity-related diseases, the determination of body fat and factors associated with
the condition in Indonesian adults is still somewhat unclear. Therefore, this study
was partly an attempt to determine a range of factors that may influence
overweight and obesity in Indonesian adults.
Among the incontrovertible facts about obesity is that weight gain results when
energy intake exceeds energy needs for a prolonged period. It should be noted that
energy intake must be referenced to an individual’s energy needs. Therefore,
obesity is not merely the result of a high energy intake, but the result of an intake of
energy which exceeds the energy needs even in a small fluctuation. Levin (2005)
concluded that energy is controlled by the brain which is regulated by signals from
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the internal and external environment (Levin, 2005). Jebb (2007) examined dietary
determinants of obesity including food choice and dietary habits and suggested that
diets must be considered along with other causal agents of obesity such as physical
activity.
Many studies have attempted to identify factors related to obesity. The increased
prevalence of the condition is probably due to changes in diet and physical activity
patterns subsequent to rapid economic growth and globalization, as reported by
Aekplakorn and Mo-Suwan (2009) in the Thai population. Thai women showed a
similar pattern to other Asian women, that those with higher socioeconomic status
were more attentive to not gaining weight, while men were more prone to have an
unhealthy lifestyle and to be predisposed to gaining weight.
Family history and age also influence obesity. Individuals who have both family
history and overweight/obesity, have a greater risk of obesity than those who have
only one of those factors (Chen, Rennie & Dosman, 2010). In addition, research
indicated that increased prevalence of childhood obesity worldwide may also be
due to increases in the proportion of individuals with a higher BMI at a younger age.
An earlier onset of overweight cannot prevent metabolic complications associated
with extreme obesity (O'Connell et al., 2010). Median BMI was 51 kg/m2 for
patients who reported onset of overweight before 15 years of age, 47 kg/m2 for
patients who reported onset between 15 and 30 years, and 42 kg/m2 for patients
who became overweight after 30 years of age.
Physical activity behaviours are also associated with obesity. Changes in physical
activity behaviours have a subsequent impact on the increasing prevalence of
18
obesity as indicated by Wareham (2007). However, data suggests this evidence is
ecological and is limited due to the complex aspect to assess physical activity.
Changes in the environment may influence physical activity behaviours. For
example, Ulijaszek (2007) considered that obesity is a result of cultural and symbolic
over-appraisal of food in the context of plenty which may be paired with physical
inactivity; a disorder of convenience because industrialized nations provide more
convenient work, leisure, and food-getting for human needs (Ulijaszek, 2007).
In brief, regarding factors that promote overweight and obesity, the literature indicates
that dietary habits, physical activity, physiological conditions, growth, genetics, family
history, and other environmental factors are involved. Some of the studies have
investigated these trends in western countries, and others in Asian populations
(Aekplakorn & Mo-Suwan, 2009; Jebb, 2007; Levin, 2005; Trinh, Nguyen, Phongsavan,
Dibley & Bauman, 2009), however, there are very few published studies of Indonesian
adults. A study of Indonesian adolescents found that fat intake was thought to be a
predisposing factor for obesity in urban areas, whilst carbohydrate intake was
predicted responsible for obesity among rural young adults (Medawati, Hadi &
Pramantara, 2005). Consumption of fast food was an example of food intake associated
with obesity in adolescents according to Mahdiah and colleagues (2004). Obese
adolescents consumed fast food more frequently and more variably than those who
were non-obese (Mahdiah, Hadi & Susetyawati, 2004). In addition, sedentary activity
was also significantly related to obesity among young adults, but the association was
independent of other factors such as calorie intake and parental obesity status (Huriyati
et al., 2004). However, despite obese adolescents being more likely to be dissatisfied
with their bodies, this did not lead to a reduction in energy intake or them spending
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more time undertaking more vigorous physical activity (Tarigan et al., 2005a). An
understanding of the factors influencing overweight and obesity is required to optimize
programs or interventions to reduce and prevent overweight and obesity in Indonesian
populations.
2.3 ASSOCIATIONS OF ANTHROPOMETRY AND BODY COMPOSITION WITH OBESITY
2.3.1 Associations of Anthropometry and Obesity
Numerous studies have reported that body composition varies with race/ethnicity
(Deurenberg, Deurenberg-Yap, Wang, Lin & Schmidt, 1999; Gurrici et al., 1998,
1999a; Küpper et al., 1998), age (Baumgartner, 2005; Heyward & Wagner, 2004;
Shephard, 2005), gender (Malina, 2005; Wells, 2007), and disease state (Chen,
2005; Janssen & Roubenoff, 2005; Kotler & Engelson, 2005). It is also acknowledged
that some anthropometric measures are well correlated with body composition,
commonly %BF. These measures include certain length, breadth, and depth
measures, abdominal and limb circumferences, and certain skinfold thickness
measures (Bellisari & Roche, 2005). Friedl et al. (2001) indicated that
anthropometry can estimate body fatness better than BMI, particularly in women.
A number of anthropometric measures are associated with CVD and type 2 diabetes
such as WC (Dobbelsteyn, Joffres, MacLean, Flowerdew & The Canadian Heart
Health Surveys Research Group, 2001; Ghandehari, Le, Kamal-Bahl, Bassin & Wong,
2009; Grievink, Alberts, O’Niel & Gerstenbluth, 2004; Jee, Kim, Lee & Beaty, 2002;
Schwingel et al., 2007; Seidell, 2010; Wang & Hoy, 2004), waist-to-hip ratio (WHR)
(Dhaliwal & Welborn, 2009; Zhang et al., 2004) , waist-to-stature ratio (WSR) (Hsieh,
Yoshinaga & Muto, 2003), sagittal abdominal diameter (SAD) (Öhrvall, Berglund &
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Vessby, 2000), and skinfold thicknesses (Sievenpiper, Jenkins, Josse, Leiter &
Vuksan, 2001). Ghandehari et al. (2009) found that the prevalence of abdominal
obesity was greater in women compared with men (62.5% and 42.3%, respectively)
and varied among multi-ethnic US adults (53.6%, 56.9%, and 50.5% in whites, blacks
and Hispanics, respectively). Individuals who have a high WC compared to those
with a normal WC, adjusted for age, gender, ethnicity and BMI were more likely to
have more than three risk factors of CHD with OR = 5.1 (95% CI = 3.9–6.6) and were
classified as high risk of CHD with OR = 1.5 (95%CI= 1.1–2.0) (Ghandehari et al.,
2009).
The prevalence of hypertension was significantly related to increased BMI, WC,
WSR, and WHR in men and women in China. However, the waist indices do not
perform better than BMI or markedly improve the prediction of increased
hypertension risk compared to BMI in Chinese adults (Tuan, Adair, Suchindran, Ka &
Popkin, 2009). Barzi et al. (2010) reported that BMI, WC, WHR, WSR were all
associated with the lipid profile. The associations were similar between Asians and
non-Asians, and no single anthropometric measure was superior at identifying
those individuals at increased risk of dyslipidemia. Despite this, measurement of
central obesity may still help to identify those individuals at increased risk of
dyslipidemia. WHR cut-off points of 0.8 for women and 0.9 for men are optimal for
discriminating those individuals prone to have poor lipid profiles and in need of
further clinical assessment.
On the other hand, Huxley et al. (2008) reported that compared to BMI,
measurements of central obesity, particularly WC, were better indicators of
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diabetes and hypertension prevalence in Asians and Caucasians. The absolute risk of
diabetes or hypertension was greater among Asians than Caucasians at any level of
BMI, WC, or WHR, supporting the need to lower cut-off points for overweight
among Asians (Huxley et al., 2008). Similarly, Zaher et al. (2009) reported that WC
seems to be a better indicator of CVD risk in men and women compared to BMI,
and Seidell (2010) reported that WC could replace both WHR and BMI as a single
risk factor for all-cause mortality. However, both WC and WHR seem to be better
indicators of all-cause mortality than BMI throughout the range of BMI but
apparently stronger in younger adults and in those with a relatively low BMI
(Seidell, 2010). In addition, WC and WHR can provide information regarding an
individual or population’s risk of future health problems. Yet, evidence supported
differences in the magnitude and nature of the associations between body
measures and the subsequent risk across diverse ethnic groups (Huxley, Mendis,
Zheleznyakov, Reddy & Chan, 2010). But, cut-offs should be developed consistently
to identify populations and individuals at a pre-defined level of risk. As risks are
diverse in different ethnicities, specific cut-offs may be needed for each ethnicity,
for example, those of Asian origin who possibly show evidence of lower WC and
WHR cut-offs than Europeans at equivalent risk (Lear, James, Ko & Kumanyika,
2010). Zaher et al. (2009) found that WC seems to be a better indicator of CVD risk
in Asian men and women compared to BMI. The optimal cut-off values using WC
were 83 cm in both men and women. These values were obviously lower than the
values for Caucasians (102 cm and 88 cm for men and women, respectively), but
values for women seemed to be greater than previously recommended in the Asian
population (90 cm and 80 cm for men and women, respectively) (Zaher et al., 2009).
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Rostambeigi et al. (2010) reported that WC also has a significant role in the
prediction of diabetes risk and diagnosis of metabolic syndrome in Australian and
Iranian samples. It was suggested that WC was more strongly associated with
metabolic syndrome and diabetes risk in Australia compared with in Iran
(Rostambeigi et al., 2010).
2.3.2 Associations of Body Composition and Obesity
Body composition and fat distribution differs with gender, with men having less
body fat but a relatively greater central distribution of fat. The differences start
early in life and become more apparent in puberty due to changes in sex hormone
levels (Stevens et al., 2010). Relationship between body composition and obesity
also varies between race or ethnicity. For example, Chinese males had more body
fat and a greater degree of central fat deposition than white males. In addition, data
on blood pressure, fasting glucose, and blood lipids suggest that Chinese males may
be more prone to obesity-related risk than white males (Wang et al., 2011). Many
studies also reported that Asians have higher %BF than Caucasians (Deurenberg,
Bhaskaran & Lian, 2003; Deurenberg et al., 2002; Deurenberg et al., 1998).
Despite the relatively large number of studies regarding relationships between
anthropometry, body composition, and health risks, very few have been conducted
in Indonesian adults. Considering the huge population and various socio-economic
levels, it is important to determine a feasible method to assess health risks at a
population level. Therefore, one of the aims of this study was to develop prediction
equations for estimating body composition, which are applicable for use in the
Indonesian adult population. The study also explored the usefulness of
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anthropometry and its relationship to body composition in the determination of
overweight and obesity. This more feasible method of assessment would be of
great assistance to the Indonesian population in the monitoring of health and
disease.
2.4 ASSESSMENT OF BODY COMPOSITION
Measurement of body composition is commonly used to assess nutritional and
growth status in normal or in disease states. Models of body composition
assessment range from the simple two-compartment to the complex multi-
compartment models (Pietrobelli et al., 2001; Wither et al., 2009). One of the
increasingly used techniques is isotopic dilution (most commonly using the stable
isotope deuterium) to determine total body water (TBW) (Wither et al., 2009).
Depending on the availability of devices for measuring body components,
assessment of body composition using 4C models is considered more valid than the
lower-level compartment models. Van der Ploeg et al. (2003) indicated that
prediction equations for estimating body composition from a 4C model are more
valid than using hydrodensitometry alone as a criterion method. 4C models
differentiate body mass into fat, mineral, protein, and water (Heyward & Wagner,
2004; Withers et al., 2002). Prediction equations using the 4C model determine
components of body composition such as body density (BD), TBW, and total body
bone mineral (TBBM) or total body mineral (TBM) obtained from the reference
techniques (Heyward & Wagner, 2004; Peterson et al., 2003). Standard criteria for
measuring each of these components are: BD by hydrometry technique using
underwater weighing or air displacement plethysmography (BodPod); TBW by
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deuterium isotope dilution techniques; bone mineral content using dual energy X-
ray absorptiometry (DXA) (Heyward & Wagner, 2004; Peterson et al., 2003;
Ramírez, Valencia, Moya-Camarena, Alemán-Mateo & Méndez, 2009). The 4C
model is also used as the reference method to predict FFM as well as to validate
FFM estimated from the deuterium dilution technique (Ramírez et al., 2009).
2.4.1 Deuterium Dilution Technique (Reference Method)
2.4.1.1 Assumptions and Principles
Body water can be applied to estimate body composition at the molecular, cellular,
and tissue levels. Water is the highest fraction of single molecule that constitutes
the body in the second level and higher levels compartment model. Body water
determination to calculate FFM depends on an assumption that the ratio of water
to solids in FFM is similar in all individuals (constant hydration of FFM). This
assumption is correct among healthy individuals, however, it may be incorrect in
individuals with abnormal water metabolism (Schoeller, 2005). The most common
hydration constant used is 0.73, as recommended by Pace and Rathbun (1945). It is
suggested that aging has no effect on hydration constants in adults up to the age of
70 years. Schoeller (2005) has, however, indicated that the hydration constant is
different in children.
The basic principle of dilution techniques is that the volume of a compartment can
be defined as the ratio of the dose of a tracer that is given orally or intravenously to
its concentration in that body compartment shortly after the dose is administered.
Basically, two samples of blood, saliva, or urine are collected: one before
administration of the dose to determine the natural background level, and the next
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sample after a certain amount of time, allowing for the tracer to penetrate within
the compartment (Ellis, 2000). The dilution technique indirectly measures TBW,
based on four assumptions as follows (Ellis, 2000; Schoeller, 2005):
1) The tracer is distributed only in body water;
2) The tracer is equally distributed in all anatomical water compartments;
3) The tracer equilibration is achieved rapidly;
4) None of the tracer or the body water is metabolized during the equilibration
time;
5) Tracer choice may impact upon the validity of these assumptions.
Two kinds of tracers have commonly been used, i.e. non-isotopic tracers such as
antipyrine, ethanol, and urea; and isotopic tracers such as tritium oxide, deuterium
oxide, and oxygen-18 hydride. The non-isotopic tracer is quickly metabolized, hence
significant elimination from the body occurs during equilibration time (Schoeller,
2005).
Under ideal conditions, the isotope dilution space (N) can be calculated by the
simple equation applied to the dilution principle:
N = D x f x Edose/Ebw
where D is the moles of water given in the dose, f is the fractionation factor for the
physiological sample relative to body water, Edose is enrichment (amount excreted
during the equilibration period) of the dose, and Ebw is enrichment of body water.
This equation has a limitation that involves inter-conversion of the units of the dose
and the enrichment values to atom per cent unit excess. A more common method
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measures samples of the diluted dose and the physiological sample during the same
analytical run and calculates the dilution space directly from mass and instrumental
units with the equation:
N = ( )× – ×( – )
Where N is the isotope dilution space in grams, W is the mass of water used to
dilute the dose, A is the dose given to the subject, a is the mass of dose used to
prepare the diluted dose, f is the fractionation factor for the physiological sample
relative to body water, Sa is the value measured for the diluted dose, St is the value
for the physiological sample, and Sp is the value for the pre-dose physiological
sample (Schoeller, 2005).
If any violations appear among the four assumptions above, then the ratio of
administered dose to fluid concentration needs to be adjusted. Corrections for
overexpansion, non-equilibrium, and excretion of the tracers are required for the
measurements of TBW, extra-cellular water (ECW), and intra-cellular water (ICW)
(Ellis, 2000). Hence, the dilution technique is represented in a mathematical
equation as:
N = k1 x k2 x k3 x k4 x ( – )( )
Where k values are constants provided to correct for the differences between the
basic models, D is the dose of the tracer (in moles), E is the amount excreted during
the equilibration period, [dt] is the tracer concentration in the sample after time t of
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the administration, and [d0] is the background concentration before the tracer is
administered (Ellis, 2000).
2.4.1.2 Measurement Procedures and Instruments
Deuterium isotope dilution has become the preferred hydrometry technique for the
assessment of TBW because the use of tritium involves a small but finite radiation
hazard (Schoeller, 2005). Measurement of TBW using the deuterium dilution
technique should follow standard procedures to obtain accurate results (Schoeller,
2005). These procedures include:
1) The subject should fast overnight, not drink any fluids after midnight, not
exercise, and avoid excessive sweating;
2) A physiological sample of either saliva, plasma, urine, or breath water (with
fractionation correction) should be collected;
3) Measurement of body weight;
4) Administration orally of a defined dose of the isotope;
5) Avoidance of eating during the sample collection;
6) Collection of post-dose samples after 3–4 hours depending on the type of body
fluid used; samples should be collected after 4–5 hours if there is excessive
extracellular water.
7) For urine samples, two specimens should be collected at the prescribed times,
voiding once before the previously mentioned time and discarding this
specimen;
8) Samples should be stored in airtight containers prior to analysis;
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9) Enrichments of the two post-dose samples should agree within two standard
deviations of the particular assay.
Careful attention to aspects of measurement including subject preparation, dosing,
sample collection, and isotope analysis may attain a precision of 1% in TBW
estimation. In addition, each aspect of the measurement must be controlled with
less systematic bias, and random errors less than 0.5% (Schoeller, 2005).
2.4.1.3 Precision and Accuracy
The deuterium dilution technique has been used as a reference method to assess body
composition in many studies. Ramírez et al. (2009) indicated that the D2O technique
could determine FFM accurately compared with the 4C in Mexican youth. The
deuterium dilution technique showed no significance difference in FFM measured with
the 4C model with a mean bias of -1.27 kg (p>0.05), limits of agreement of -3.1 to 0.8,
and precision using R2 explained 98% of variance (Standard Estimation of Estimation
was 1.2 kg). The D2O technique has been used as a criterion method for the assessment
of %BF in several populations in Indonesia as reported by Gurrici et al. (1999) between
Malays living on Java and Chinese living on Sulawesi and by Gurrici et al. (1998) in an
unspecified population living on South Sumatra. Both studies reported a greater %BF at
the same BMI level of Indonesian population compared with Caucasians. Sample sizes
in these studies were 117, 109, and 110 for the population living on Java, Sulawesi, and
South Sumatra respectively. Besides the limited sample size, these studies utilized
blood plasma analysed by infrared spectroscopy. The current study used urine samples
analysed using isotope ratio mass spectrometry (IRMS). Moreover, environmental and
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cultural changes during these different periods may have altered the body composition
of Indonesians.
2.4.2 Anthropometric Prediction Equation Method
2.4.2.1 Assumptions, Principles, and Validity
Anthropometry refers to the measurement of the size and proportion of the human
body (Heyward & Wagner, 2004). Measures of body size include body weight and
stature, whilst examples of body proportion include ratios of body weight to
stature. Measurement of girths, breadths, lengths, and skinfold thickness can be
used to assess body size and proportions, and also to assess total body or regional
body composition (Heyward & Wagner, 2004).
Anthropometric measures, including girths and breadths to estimate body
composition, follow a number of basic principles (Heyward & Wagner, 2004),
including:
1) Circumferences are affected by FM, muscle mass, and skeletal size; therefore,
these measures are related to FM and FFM.
2) Skeletal size is directly related to FFM.
3) To estimate total body fat from weight-to-height indices, the index should be
highly related to body fat but independent of height.
Skinfold thickness measures have been widely used in field and clinical settings to
estimate total body fatness. For a trained researcher, the skinfold technique is easy
to administer and being relatively inexpensive is suitable for use in large field
studies. Skinfold thickness measures represent an indirect measure of
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subcutaneous adipose tissue and are used to estimate total body density to derive
%BF, again based on a number of assumptions. Heyward and Wagner (2004)
identified a number of these assumptions including:
1) Skinfold thickness is a good measure of subcutaneous fat;
2) Fat distribution (both subcutaneous and internal) is similar for all individuals of
the same gender;
3) The sum of skinfold thickness from different locations can be used to predict total
body fat by assuming that subcutaneous fat is related to total body fat;
4) The sum of skinfold thickness is related to body density;
5) Body density in each gender is independent of age.
These assumptions are in agreement with Wang and colleagues (2000) who
indicated that as approximately 40–60% of total body fat consists of subcutaneous
fat, skinfold thickness is an acceptable body fat predictor. In addition, skinfold
thickness can be directly measured using a well-calibrated calliper. Other
assumptions are that the thickness of the subcutaneous adipose tissue reflects a
constant proportion of the total body fat and that the sites selected for
measurement represent the average thickness of the subcutaneous adipose tissue
(Lukaski, 1987).
Prediction equations using skinfold measures are specific to the population on
which they have been developed, suggesting large potential variability in the
relationship between skinfolds and body composition in different populations.
Specificity in these relationships may be due to biological (e.g. age, gender, and
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ethnicity) and technical matters (Norgan, 2005). To reduce the technical,
measurement, and statistical errors in providing a reliable prediction equation using
skinfolds, a number of principles have been proposed, including:
1) Using a large number of subjects (>30 subjects per estimator variable);
2) Biologically appropriate independent variables selected by robust regression
procedures and the relationship tested for curvilinearity;
3) The standard error of estimate (SEE) was given more consideration for the
correlation coefficient;
4) The proposed equation was validated internally on a separate subsample and
validated externally on other populations;
5) A multi-compartment method was used to measure the criterion variable;
6) Reliability studies have estimated the sources and magnitude of variation due to
trial, time of day, exercise, diet, menstrual cycle, and other factors;
7) Inter-laboratory studies with the same subjects and methodologies have shown
no difference due to site (Norgan, 2005).
BMI is one of the anthropometric indices related to FM and %BF and widely used in
prediction equations, however, the prediction errors are generally large
(Deurenberg, Weststrate & Seidell, 1991). BMI is limited in its ability to predict %BF
and to accurately classify body fat levels for a number of reasons including:
1) Individuals with a large musculoskeletal system relative to their height can have
BMI values in the obese range despite having normal body fat levels. On the other
32
hand, individuals with relatively small musculoskeletal systems tend to have lower
BMI values (Lohman, 1992);
2) BMI does not detect differential growth rates of muscle and bone in children or
differential rates of muscle and bone loss in older individuals (Lohman, 1992); and
3) The relationship between BMI and %BF is influenced by age, gender, ethnicity,
and body build (Deurenberg et al., 1999; Deurenberg et al., 1998).
2.4.2.2 Measurement Procedures and Instruments
Measurement procedures are dependent upon the anthropometric measures to be
taken, e.g. body weight, stature, skinfold thickness, girths, and breadths. Detailed
instructions for instrument selection and measurement procedures for anthropometric
measures are provided by Lohman (1988), Norton et al. (2009), and the International
Society for the Advancement of Kinanthropometry (ISAK) (International Society for the
Advancement of Kinanthropometry, 2006). The ISAK protocol for anthropometry is
acknowledged as the international standard for anthropometric measurement.
Adoption of a standard protocol is necessary to reduce measurement errors and to
allow comparison of similar studies.
The use of appropriate and standardized equipment is also important to minimize
measurement error in anthropometric measurements. Stadiometers used for
measuring stature should have a minimum range of measurement from 60 to 220 cm
usually be attached to a wall so that subjects can be aligned vertically in the
appropriate manner; a weighing scale with accuracy to within 50 g is used for
measuring body weight; a flexible steel tape of at least 1.5 m in length is recommended
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for girth measurements, or alternatively any tape which is non-extensible, flexible, no
wider than 7 mm, and has a blank area of at least 4 cm before the zero line; skinfold
callipers used to measure skinfold thickness require a constant compression of 10
g/mm2 throughout the range of measurements; and a small sliding calliper used to
measure bone breadths, e.g. humerus and femur, should have branch lengths of at
least 10 cm, an application face width of 1.5 cm, and be accurate to within 0.05 cm
(International Society for the Advancement of Kinanthropometry, 2006).
Equipment should be routinely calibrated to obtain accurate measurements and each
piece of equipment has a specific calibration procedure. For example, calibration of a
weight scale should be done using calibration weights, certified by a government
department of weights and measures, and totalling at least 150 kg; a meter steel
should be calibrated in centimetres with millimetre gradations; and a skinfold calliper
should ideally be calibrated (at least annually) to at least 40 mm in 0.2 mm divisions
(International Society for the Advancement of Kinanthropometry, 2006). Lukaski (1987)
added that for the skinfold calliper, the jaw should be calibrated to exert a constant
pressure of 10 g/mm2.
The skills of the anthropometrist and the site of the measures influence the
precision of the measurement. For example, in skinfold measurement, a precision
of within 5% can be easily obtained by a properly trained and experienced
individual (Lukaski, 1987). Wang et al. (2000) indicated that the average
reproducibility for a skinfold measured at 10 sites on one person must be a
maximum of 10%. A very large (>15 mm) or very small (<5%) skinfold thickness can
increase this error. In addition, as a double fold is measured, any factor that affects
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the reproducibility and validity of the skinfold thickness measurement may increase
the error of the predicted body composition value (Lukaski, 1987). Wang and
colleagues (2000) also indicated that the average reproducibility for girth measures
at eight sites on one subject must be ≤2%. To increase reproducibility, attention
should be paid to standardizing the methodology, having a well-trained measurer,
and practising until results are consistent (Wang, Thornton, Kolesnik & Pierson,
2000).
The accuracy and precision of the anthropometric method for estimation of body
composition are influenced by equipment, client factors, and the choice of
prediction equations to predict body composition (Callaway et al., 1988). Hence,
errors in both anthropometric measurements and the reference body composition
approach used in the development of the prediction equation contribute to the
total errors. According to Ulijaszek and Kerr (1999), possible errors may come from:
1) repeated measures giving the same value (unreliability, imprecision, and
undependability), and 2) measurements departing from true values (inaccuracy,
bias). Imprecision is due largely to observer error and commonly used
anthropometric measurement error as a measure. The measurement error can be
estimated by repeating anthropometric measures on the same subjects and
calculating the technical error of measurement (TEM), percentage TEM, coefficient
of reliability (R), and intraclass correlation coefficient (ICC). Acceptable
measurement error levels are difficult to determine because TEM is age dependent
and values are related to the anthropometric characteristics of the population
studied (Ulijaszek & Kerr, 1999). In the prediction of body composition, acceptable
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errors for estimating %BF are ≤3.5% for both males and females, and for FFM are
≤3.5 kg and ≤2.8 kg for males and females respectively (Heyward & Wagner, 2004).
Following a standardized anthropometric measurement procedure may increase
the accuracy and reliability of measurements. Awareness of the components which
influence the accuracy and precision of anthropometric measures may reduce
measurement errors, for example, standard equipment for each measure;
appropriate skill of the measurer; subject’s condition, e.g. not in a menstrual period;
and appropriate choice of the anthropometric prediction equation for the subject
(Heyward and Wagner, 2004). In addition, the interpretation of an anthropometric
value assumes that the tissue is in a “standard” state, e.g. that muscles are fully
relaxed during the measurement and a normal hydration is assumed. Failure to fulfil
both conditions may result in inappropriate interpretation (Bellisari and Roche,
2005).
2.4.2.3 Anthropometric Prediction Equations
Anthropometric prediction equations are developed using either linear (population-
specific) or quadratic (generalized) regression models. Population-specific equations
are developed for relatively homogeneous populations and are assumed to be valid
only for individuals having similar characteristics such as age, gender, ethnicity, or
physical activity level (Heyward & Wagner, 2004). Accordingly, a number of studies
have derived anthropometric prediction equations to estimate %BF. Norton (2009)
predicted there are more than 100 anthropometric equations to predict BD and %BF.
Most of the population-specific prediction equations are based on a linear relationship
(linear regression model) between anthropometric measures and body fatness,
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however, research indicates a curvilinear relationship (quadratic regression model)
between anthropometric measures and body fatness (Heyward & Wagner, 2004).
Subsequently, population-specific equations tend to underestimate %BF in fatter
individuals and overestimate %BF in leaner individuals. Using the quadratic model,
prediction equations can be applied to individuals with great variation in age and body
fatness (Lohman, 1981).
The development of anthropometric prediction equations most commonly use
laboratory methods such as hydrodensitometry (HD) for measuring BD (Norton, 2009).
The density of an object is defined as its mass per unit volume. BD can be determined if
the object’s mass in air is known and when it is completely submerged in water using
equations as follows (Norton, 2009):
BD = ( )( )
BD = ( )( ) ( )
The density of the water and the residual volume of the subject are required to be
accounted for; the final equation therefore is:
BD = ( )( ) ( )
A more recently developed method with a similar principle to that of underwater
weighing is air displacement plethysmography (ADP) (Going, 2005). In this newer
technique, a similar volume of air of the subject is replaced while the subject is sitting in
a measured chamber. ADP was not successful in early measurement of BD until a
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newer system (the Bod Pod) was introduced by Dempster and Aitken in 1995 (Heyward
& Wagner, 2004). This large, egg-shaped fibreglass chamber uses air displacement and
pressure-volume relationships to derive body volume based on Boyle’s law:
=
Where P1 and V1 represent the pressure (P) and volume (V) of the Bod Pod chamber
when it is empty, while P2 and V2 represent pressure and volume of the Bod Pod with
the subject sitting in the chamber (Heyward & Wagner, 2004; Going, 2005). Boyle’s law
assumes that air temperature remains constant as its volume changes (isothermal
condition). On the other hand, the majority of the air in the Bod Pod chamber will
commonly be compressed or expanded as the temperature changes (adiabatic
condition). This principle is defined by Poisson’s Law:
= [ ] x ϒ
Where, ϒ represent the ratio of the specific heat of the gas at constant volume. Biaggi
and colleagues (1999) indicated that the Bod Pod is an accurate method for assessing
body composition in a comparison study using HD (Biaggi et al., 1999). Estimation of
body composition by the Bod Pod has also been validated against HD (Fields, Hunter &
Goran, 2000), HD and DXA (Fields, Goran & McCrory, 2002), and the 4C model (Fields et
al., 2001).
BD obtained from the Bod Pod is converted to %BF using equations (e.g. Siri, 1961 or
Brozek et al., 1961) (Heyward &Wagner, 2004; Going, 2005). The equations were:
%BF = - 450 (Siri, 1961)
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%BF = . . x 100 (Brozek, Grande, Anderson & Keys, 1963)
Error from the application of regression equations to predict %BF from BD can be
distinguished from: (1) the errors associated with the prediction of BD from
anthropometric data, (2) the measurement of BD using the Bod Pod, and (3) the errors
involved in the transformation of BD to %BF (Norton, 2009).
Anthropometric prediction equations can also be developed from %BF estimation
without conversion from BD. The benefit of this method is that it may reduce bias from
the measurement of BD and the conversion. More precise %BF estimation can be
obtained by using a multi-compartment model as it is able to minimize bias from the
different components of body composition (Ellis, 2000). The mean prediction error
ranged from 2.7% to 5.6% body fat compared with %BF assessed using the 4C model
(Deurenberg et al., 1999).
2.4.3 Bioelectrical Impedance Analysis (BIA)
2.4.3.1 Assumptions and Principles
Impedance (Z) is the frequency-dependent opposition of the conductor to the flow
of an alternating current (Chumlea & Sun, 2005). When a low-level electrical current
is passed through the body, impedance can be measured using a BIA analyser.
Impedance is determined by the vector relationship between resistance (R) and
reactance (Rc) measured at a current frequency according to the equation Z2 = R2 +
Xc2. Resistance is the pure opposition of the conductor to the alternating current,
and reactance is the dielectric component of impedance (Chumlea & Sun, 2005;
Heyward & Wagner, 2004; Kyle et al., 2004a). The source of electrical current
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should be alternating current (AC), avoiding iontophoresis and admitting
determination of the phase angle shift that cannot be measured using direct current
(DC). The instrument is connected to a modern oscilloscope able to measure phase
angle differences between two signals automatically. The impedance profile is then
examined once the amount of injecting current, the voltage generated, and the
phase angle are known (Aroom et al., 2009).
Electrical currents transmit well through electrolytes in body fluid but are poorly
transmitted through fat due to its relatively low water content. When the volume of
TBW is large, the current flows more easily through the body with less resistance.
The resistance to current flow is greater in individuals with large amounts of body
fat. Because the water content of fat-free body (FFB) is relatively large
(approximately 73%), FFM can be predicted from TBW estimates (Heyward &
Wagner, 2004) using a range of equations (Kyle et al., 2004b). Basic assumptions of
the BIA method are:
1) The human body is shaped like a perfect cylinder with a uniform length and
cross sectional area;
2) The body is a perfect cylinder, at a fixed signal frequency, the impedance to
current flow through the body is directly related to the length (L) of the
conductor (height) and inversely related to its cross sectional area (A). It will
subsequently result in an equation of Z = p (L/A), where p is a constant of the
specific resistivity of the body’s tissues (Heyward & Wagner, 2004; Kyle et al.,
2004a).
The BIA method applies two basic principles (Heyward & Wagner, 2004):
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1) Biological tissues act as conductors or insulators, and the current flowing
through the body follows the path of least resistance. At low frequencies, the
current passes through the extracellular water (ECW) only, whereas at higher
frequency (500–800 kHz), it measures the ECW and penetrates cell membranes,
measuring the intracellular water (ICW) (Lukaski, 1987). At the frequency of 50
kHz, BIA measures the ECW only, rather than TBW or FFM. As ECW is highly
correlated with TBW and FFM (Schoeller, 2005), estimations of TBW and FFM
are often made using this method;
2) Impedance is a function of resistance and reactance. Resistance is
measurement of pure opposition to current flow through the body and
reactance is the opposition to current flow caused by capacitance produced by
the cell membrane (Heyward & Wagner, 2004; Kyle et al., 2004a).
In the traditional the BIA model, it is assumed that resistors and capacitors act in a
series that is Z = √( + ). Since, the resistance of a length of homogeneous
conductive material of a uniform cross-sectional area is proportional to its cross-
sectional area, an empirical relationship can be established between the impedance
quotient (length2/R) and the volume of water. As it is practically easier to measure
height than the conductive length, the relationship is between the lean body mass
and height2/R (Kyle et al., 2004a). R is much larger than Xc and a better predictor of
TBW and FFM, therefore, many BIA models used to estimate TBW or FFM have used
the resistance index (height2/R) rather than the impedance index (height2/Z)
(Heyward & Wagner, 2004). However, it is reported that in parallel model, in which
= + ; Xc, R, and Z reflect respectively ICW, ECW, and TBW (Lukaski, 1996).
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A number of studies have reported on the validity and reliability of these techniques
as well as their applicability in a range of settings, including at the population level
(Bellisari & Roche, 2005; Deurenberg-Yap et al., 2001; Schoeller, 2005). Several
factors should be given close attention in the application of BIA, particularly the
instruments and the participants to minimize the bias of the results. In the
development of an ethnic-specific prediction equation and in the determination of
the validity of segmental BIA, subjects with body shape abnormalities need to be
considered (Kyle et al., 2004b). These factors include, contact between trunk and
limbs, inaccurate body weight, food consumption, exercise, medical intervention,
external/internal temperature, characteristics of individual (abdominal obesity,
muscle mass, weight loss, menstrual cycle, menopause), ethnicity (Dehghan &
Merchant, 2008), and age (Chumlea & Sun, 2005). Menstrual cycle contributes to
small changes in body impedance, but is not statistically significant (Gualdi-Russo &
Toselli, 2002). Servidio et al. (2003) also indicated that there were no significant
differences between TBW measured with BIA before and after a short sauna bath,
even though TBW was increased after taking the bath and then decreased to
basically normal after a two-hour rest (Servidio et al., 2003). Consumption of food
prior to BIA measurement may lead to cumulative decreases in BIA and
consequently a decrease in predicted %BF (Slinde & Rossander-Hulthen, 2001).
2.4.3.2 Measurement Procedures and Instruments
The BIA instrument is classified based on the frequency applied to each measurement,
either a single frequency (SF-BIA) or multiple frequency BIA (MF-BIA). Single frequency
BIA generally uses a current of 800 µA and 50 kHz (Cox-Reijven & Soeters, 2000; Kyle et
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al., 2004a; Kyle et al., 2004b). This traditional BIA method measures the whole-body
resistance using a tetrapolar, wrist-to-ankle electrode configuration at a single
frequency. From the two source electrodes, the resistance or impedance to the flow is
proportionally inverse to total body weight and the resistance index is related to TBW
volume which enables prediction of the TBW, and, subsequently, FFM (Heyward &
Wagner, 2004; Kyle et al., 2004a). The limitation of SF-BIA is its inability to distinguish
the distribution of body water into intra- and extracellular compartments, hence
allowing the prediction of FFM and TBW, but not ICW (Chumlea & Sun, 2005).
As in SF-BIA, MF-BIA also uses empirical linear regression models but allows the use of
different frequencies in the one device. It usually uses frequencies at 0, 1, 5, 50, 100,
200 to 500 kHz to evaluate FFM, TBW, ICW, and ECW (Heyward & Wagner, 2004; Kyle
et al., 2004a). MF-BIA is more accurate and less biased than SF-BIA for the estimation of
TBW (Martinoli et al., 2003). However, poor reproducibility has been noted at very low
frequencies (less than 5 kHz) or at frequencies above 200 kHz (Kyle et al., 2004a).
More recently, segmental BIA has been developed to overcome inconsistencies
between resistance and body mass of trunk (Kyle et al., 2004a). In the segmental BIA
methodology, the impedance is measured at the length of each of the body segments
(arm, trunk, and leg). This method is better supported by theory. Thomas et al. (1998)
reported that segmental BIA provides a better estimation of TBW in individuals in
whom the extracellular fluid redistributes between the trunk and limbs due to postural
changes. However, the improvement of this method is suggested to be intrinsically
small and the advantage of using this method is questionable since the methodology is
more time consuming than the whole-body approach (Thomas, Cornish, Pattemore,
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Jacobs & Ward, 2003). An eight-electrode segmental BIA has been reported to have
validity compared with %BF by DXA in adults with BMI classified as normal and
overweight, but it overestimated %BF in the obese BMI adults (Shafer, Siders, Johnson
& Lukaski, 2009). It is suggested that in obese individuals, segmental BIA may
inaccurately measure resistance in the trunk.
The accuracy of the BIA method is highly dependent on the control of some factors
which may influence the measurement errors, including instrumentation, subject, the
technician’s skill, environmental factors, and the selection of prediction equation
(Heyward & Wagner, 2004). The consistency of conditions used during the
development of the equations also influences the accuracy and precision of body water
estimated via the BIA method (Buchholz, Bartok & Schoeller, 2004). The subject should
follow the pre-testing BIA measurement guidelines to control fluctuations in hydration
status including no drinking or eating within 4 hours, no exercise within 12 hours, no
alcohol consumption within 48 hours, no diuretic medications within 7 days, and should
urinate within 30 minutes of the test. Female subjects who are at an active stage in
their menstrual cycle should not be involved in the measurement (Heyward & Wagner,
2004). Changes in body impedance during the menstrual cycle, however, were small
and not statistically significant on a measurement using MF-BIA according to Gualdi-
Russo and Toselli (Gualdi-Russo & Toselli, 2002). A standard testing procedure for the
BIA measurement has been made for example by Baumgartner (1996) (Buchholz et al.,
2004). Heyward and Wagner (2004) summarized the standardized procedures for the
whole-body BIA methods:
1) Take the BIA measures on the right side of the subject’s body;
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2) Clean the skin at the electrode sides;
3) Place the sensor (proximal) electrodes on the dorsal surface of the wrist and the
dorsal surface of the ankle;
4) Place the source (distal) electrodes at the base of the second or third metacarpal-
phalangeal joint of the hand and foot;
5) Attach the lead wires to the appropriate electrodes, red leads are attached to the
wrist and black leads are attached to the hand and foot; and
6) Make certain that subject’s legs and arms are comfortably abducted
(recommendation is a 30–45° angle from the trunk).
Gualdi-Russo and Toselli (2002) indicated that small controlled variations in the location
of the electrodes caused marked changes in the impedance measures and
subsequently in the estimated body composition parameters.
2.4.3.3 BIA Prediction Equations
The advantages of the BIA methods in the assessment of body composition have
been reported in many studies (Guida et al., 2007; Heyward & Wagner, 2004; Kyle
et al., 2004b; Phillips, Bandini, Compton, Naumova & Must, 2003). It has been
described above that BIA is a body composition method that measures tissue
conductivity. Since the conductivity of a body segment, under stable conditions, is
known to be directly proportional to the amount of electrolyte-rich fluid, BIA can
therefore be used to measure several fluid components including TBW, ECW, and
ICW (Heymsfield, Wang, Visser, Gallagher & Pierson Jr, 1996; Kyle et al., 2004a).
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Under stable conditions an equilibrium between TBW and fluid volume and FFM is
present, allowing the BIA method to be used to estimate FFM (Heymsfield et al.,
1996). After that, fat can be calculated as body weight minus FFM.
Numerous studies have provided BIA equations to predict TBW, FFM, and %BF.
Some of the studies showed good to excellent precision of using BIA equations for
epidemiological studies (Macias et al., 2007; Martinoli et al., 2003; Phillips et al.,
2003; Sun et al., 2003). However, several limitations should be considered in the
assessment of body composition using the BIA equation. BIA prediction formulas for
%BF assume a constant hydration of the FFM, this assumption may be violated at
the individual level; consequently it will result in biased individual predictions. The
electrical properties of the human body are influenced by water dispersion between
extra- and intra-cellular spaces and also by geometrical water distribution
(Deurenberg-Yap & Deurenberg, 2001). In addition, fluid disturbances may occur
during condition of acute change such as weight loss or weight gain and disease
(Heymsfield et al., 1996). BIA equations should be validated against age, gender,
ethnicity, and BMI (Kyle et al., 2004b) and should be specifically applied for the
population for which the equations are developed (Dehghan & Merchant, 2008;
Deurenberg et al., 2001; Kyle et al., 2004b). This may be due to the fact that body
segments are physically affected differently as a result of hydration, fat fraction,
and geometrical boundary conditions to which the BIA integrates (Kyle et al.,
2004b). Moreover, the reference method used to estimate FFM is also crucial. Many
methods available are based on specific assumptions and there are also several
possible variations of the same method (Heymsfield et al., 1996). Employing an
appropriate equation can avoid systematic errors in estimating body composition,
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which is a major potential source of error for the BIA method. However, Buchholz
and colleagues (2004) recommended BIA equations to be used in populations or
group studies rather than for individuals in a clinical setting.
Another limitation of the BIA equation is the accuracy in measuring individuals with
too low or too high body mass. BIA tended to overestimate %BF in lean subjects but
underestimate %BF in obese subjects (Sun et al., 2005); (Ward, Dyer, Byrne, Sharpe
& Hills, 2007). For example, BIA appeared to underestimate %BF by about 3% in
Singaporean and Beijing Chinese (Deurenberg et al., 2000). Shafer et al. (2009),
using a MF-BIA device also found an underestimation of %BF in obese adults in the
USA. It was suggested that the bias of prediction formulas was positively related to
the level of body fatness but negatively related to age (Deurenberg et al., 2000).
Differences in body build may partly explain this tendency, especially in individuals
with abdominal obesity, which will result in an overestimation of FFM and
consequently an underestimation of %BF (Deurenberg, 1996; Deurenberg et al.,
1999). Research on body composition using BIA measures was scanty in Indonesia,
particularly which compared with a reference method for body composition
assessment. A study by Gurrici and colleagues (Gurrici et al., 1999b) reported a BIA
equation for the prediction of TBW from a sample of 318 Indonesians. This study
demonstrated validity of the equation in three geographical subgroups. However,
no prediction equations for other body composition components such as FFM and
FM in absolute as well as in relative measures have been reported in Indonesian
populations. Overestimation of %BF by BIA equation was reported among
Indonesian adolescent girls against %BF obtained from UWW (Isjwara et al., 2007).
In contrast, underestimation of %BF has been reported among Indonesian adults
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using a BIA equation developed from Caucasian models against %BF obtained from
the 3C model (Küpper et al., 1998). This trend, and the fact that specific BIA
prediction equations for the assessment of body composition components are very
limited for Indonesian adults, recommends the importance of developing BIA
prediction equations specifically for Indonesians.
2.5 BODY IMAGE
2.5.1 Definition of Body Image
Body image is a multidimensional construct in which internal and self
representations of physical appearance are expressed (Pruzinskky & Cash, 2002).
Cash et al. (2004) subdivided body image into body image evaluation which refers
to one’s feelings of being satisfied/dissatisfied with one’s own appearance involving
beliefs and emotions and body image investment which refers to the cognitive and
behavioural aspects of one’s appearance and the prominence of one’s self-
perception (Cash, Phillips, Santos & Hrabosky, 2004). Research on body image has
been expanded to other areas including psychology, social and behavioural, and
health sciences. Body image is now being explored in relation to obesity, eating
behaviours, body composition, and physical activity.
Body image is influenced by a range of factors including gender, family, personality,
environment, cultural experience, anthropometric measures, and mass media (Kay,
2001). Mass media influences body image through perceptual, affective, cognitive, and
behavioural processes (Tiggemann, 2002). Exposure to media images may negatively
affect body image (Yamamiya, Cash, Melnyk, Posavac & Posavac, 2005) and the impact
is commonly reported to be stronger in females than males (Hargreaves & Tiggemann,
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2004; Van den Berg et al., 2007). This is consistent with findings by Xu et al. (2010) that
females generally have greater body dissatisfaction than males. Their study showed
that females had pressure from media to lose weight and also from peers and relatives,
which was likely to increase body dissatisfaction. In comparison, males had pressure
from various sociocultural sources, particularly from peers, to gain muscle (Xu, Mellor,
et al., 2010). Body dissatisfaction usually involves a “norm” which is usually culturally
driven. Rapid advances in information systems and technology accelerate the further
impact of the mass media on body image, which may lead to further alterations in
lifestyle behaviour (Mellor et al., 2009).
2.5.2 Factors Related to Body Image
Body image in terms of body dissatisfaction is affected by BMI or perception of BMI,
perceptions of the viewpoints of other, and socio-cultural or psychological factors
(Lu & Hou, 2009). Body image also changes with an increase in age (Smolak, 2002;
Whitbourne & Skultety, 2002) and especially for women, there are considerable
changes in appearance across their adult life span, which lead to changes in body
image. Tiggemann (2004) indicated that the importance of body shape, weight, and
appearance decreased as age increased in women, but, there was remarkably stable
body dissatisfaction (Tiggemann, 2004).
Numerous investigations have also considered the socio-cultural influences on body
image (McCabe, Ricciardelli, Sitaram & Mikhail, 2006; Mellor et al., 2009; Swami &
Chamorro-Premuzic, 2008; Swami, Hadji-Michael & Furnham, 2008). Body image
dissatisfaction partially mediated the associations between the degree of obesity
and depression (Friedman, Reichmann, Costanzo & Musante, 2002) and was high
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among women in Western countries (Glauert, Rhodes, Byrne, Fink & Grammer,
2009). Friedman et al. (2002) indicated that body dissatisfaction was also directly
related to negative effect and low self esteem. Moreover, body dissatisfaction is
related to the intention to lose weight (Lu & Hou, 2009), particularly in women
(McCreary, Karvinen & Davis, 2006). Evidence supports the fact that certain
sociocultural, biological, and interpersonal factors increase the risk for body
dissatisfaction (Stice & Whitenton, 2002). A synthesis of reseach findings by Stice
and Shaw (Stice & Shaw, 2002) also demonstrate that perceived pressure to be thin,
thin-ideal internalization, and elevated body mass foster body dissatisfaction. They
found consistent support that body dissatisfaction increased the risk for eating
pathology which was mediated by increases in dieting and negative affect. Similarly,
Stice et al. (Stice, Ng & Shaw, 2010) reported that body dissatisfaction and dietary
restraint may constitute early stages of development of eating disorders. However,
it is not always consistent that body dissatisfaction promotes an intention to lose
weight. Study findings by Neumark-Sztainer and colleagues (Neumark-Sztainer,
Paxton, Hannan, Haines & Story, 2006) indicated that lower body satisfaction did
not motivate adolescents to engage in healthy weight management behaviours, but
rather placed adolescents at risk for weight gain and poorer health. Moreover,
findings of a 5-year longitudinal study in adolescents demonstrated that dieting may
lead to weight gain via long-term adoption of unhealthy behavioural patterns of
eating and physical activity (Neumark-Sztainer, Wall, Haines, Story & Eisenberg,
2007). Further, dieting and unhealthy weight-control behaviours predicted
outcomes related to obesity and eating disorders in the next 5 years (Neumark-
Sztainer, Wall, et al., 2006). This is consistent with a 6-year follow-up study in adult
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women which demonstrated that dieting caused a significant weight gain in women
who dieted versus women who did not (Savage, Hoffman & Birch, 2009). Given the
presence of body image disturbance and its associations with psychological
functioning (Friedman et al., 2002) and eating disorder symptoms (Stice &
Whitenton, 2002), it is necessary to involve assessment of body image disturbances
in prospective and experimental studies, particularly in the investigation of the
predictors and consequences of body dissatisfaction. So far, a few studies have
focused on body image and body dissatisfaction in Indonesian populations,
therefore this proposed study will provide meaningful information regarding body
image and the body dissatisfaction of Indonesians.
Body image varies between race/ethnicity and is very culturally driven. Vaughan et
al. (2008) suggested that racial/ethnic differences in sociocultural standards of
appearance affects racial/ethnic differences in physical health in regard to BMI
through the mechanism of weight control (Vaughan, Sacco & Beckstead, 2008). It is
reported that Caucasian women have greater thin-internalizations and a perceived
romantic appeal of thinness which consequently results in greater dietary
restriction (Vaughan et al., 2008). African American women were also reported to
have lower body dissatisfaction compared to white women (Kronenfeld, Reba-
Harrelson, Von Holle, Reyes & Bulik, 2010). Whereas, Mellor et al. (2004) suggested
that indigenous Australian youth experienced fewer concerns and less body weight
and shape dissatisfaction compared with young Caucasians (Mellor, McCabe,
Ricciardelli & Ball, 2004). Understanding factors that influence body dissatisfaction
among racial or ethnic groups will have the benefit of guiding possible appropriate
methods to prevent eating disorders. Due to a great variety of ethnicities present in
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Indonesia, studies of body image need to specifically address the various ethnicities
to develop appropriate representations. At this time, no studies are available to
nationally represent the Indonesian body image, and no national surveys include
body image assessment in their data collection.
Many have proposed that BMI, a commonly used measure of body size based on body
height and weight, has a positive relationship with body dissatisfaction (Lynch, Heil,
Wagner & Havens, 2007; McCreary et al., 2006; Mellor et al., 2009; Yates, Edman &
Aruguete, 2004), despite the fact that obese individuals may have a different
vulnerability to this problem (Anton, Perri & Riley, 2000). Yates et al. (2004) found that
BMI was highly correlated with body dissatisfaction for males and females among Asian
subgroups, Whites, Pacific Islanders, and African-Americans. They observed that males
experienced more satisfaction and a broader choice of ideal body types than females.
White males had higher BMIs but were generally very satisfied with body and self.
Filipino males had the highest BMIs but also had high body dissatisfaction and smaller
body preferences. Chinese females were small with high body satisfaction, while
Japanese females were small but experienced high body dissatisfaction (Carr, Friedman
& Jaffe, 2007; Yates et al., 2004). On the other hand, Carr et al. (2007) have proposed
that obesity may not be a stressor for some people, reporting that some obese persons
enjoy their appearance and feel better psychologically, as evidenced in Native
Americans and Hispanic girls who preferred a larger body size despite being smaller
(Lynch et al., 2007). Among Indonesian adolescents, it has been reported that obese
adolescents had greater body dissatisfaction compared with non-obese peers (Tarigan
et al., 2005a). To date, there are no studies that report on Indonesian adult body image.
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2.5.3 Body Image and Obesity
That BMI is positively and significantly related to body shape concerns or body
dissatisfaction has been reported in many previous studies (e.g. Yates et al., 2004;
Chen et al., 2008). The relationships between body image and obesity can be
described in several ways. Obesity influences health through both physiological
changes and potential psychological distress (Schwartz & Brownell, 2004). Other
studies have demonstrated a relationship between laboratory stress, cortisol, food
intake, and abdominal fat. Cortisol is known to be a major component associated
with the stress response and is elevated in women with eating disorders such as
anorexia nervosa, bulimia nervosa, and binge eating disorder (Gluck, 2006). Social
factors may include negative messages about being overweight, including anti-fat
attitudes in the general population, the media and everyday discourse which have
become more common (Lin & Reid, 2009). Further, Schwartz and Brownell (2004)
differentiated risk factors associated with body image distress into physical risk
factors and individual and cultural risk factors. Physical risk factors include current
weight status and weight trajectory while individual and cultural risk factors include
gender, race, sexual orientation, binge eating disorder, history of weight cycling,
phantom fat (body image problems following weight loss), age of obesity onset and
appearance, teasing, and a strong investment in appearance.
Duncan & Nevill (2010) indicated that among Caucasian young adults, BMI, WC, and
WHR had no significant contribution to body image subscales, i.e. appearance
evaluation, body areas satisfaction, appearance orientation, and overweight
preoccupation, but %BF was more strongly related to all of the subscales (Duncan &
Nevill, 2009). This is an interesting finding since body image assessments are often
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investigated in relation to body size and proportion which are easier to evaluate.
Percentage BF requires more complex assessment and is difficult to interpret based
on simple physical appearance. Therefore, studies of %BF’s association with body
image are challenging and new knowledge of body image could be valuable to
promote a healthy body image in populations. There is a complex relationship
between %BF, self-perception, cultural values, and body image components.
Considering other psychological aspects with regard to overweight and obesity,
research shows that associations vary with the population, gender, degree of
obesity, health status, and body dissatisfaction. A systematic review of articles on
obesity’s effect on depression indicated that obesity may increase the risk of
depression outcomes (symptoms or nonclinical diagnosis of depression) for women
but not men in most prospective cohort studies in the US. However, such
associations did not exist in most cross-sectional studies from populations other
than the US (Atlantis & Baker, 2008). A more recent study among a large sample of
Swedish adults indicated that psychological distress was significantly higher in
obese individuals than normal-weight individuals. The evidence decreased with
increasing age regardless of BMI and was more obvious in women (Brandheim,
Rantakeisu & Starrin, 2013). Atlantis and Baker (Atlantis & Baker, 2008) reported
that psychosocial factors among obese individuals may be involved in the
psychopathology of depression including internalization of negative weight-based
stereotypes, low-weight self-eficacy, and negative body image which may increase
the risk of depressive outcomes. Degree of obesity has been found to be an
independent risk factor for depression within obese populations. As such, in severe
obesity, physical health status, young adult age, low income, and relatively high
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education were associated with greater risk for depressive symptoms (Ma & Xiao,
2010). However, a cross-sectional study using data from the Australian National
Health Survey 2004-2005 indicated that overweight perception rather than weight
status is a significant risk factor of medium and high psychological distress in men
and women (Atlantis & Ball, 2008). By contrast, a lifetime history of depression may
also have an association with obesity (Strine et al., 2008) and with higher body fat
mass and anthropometry such as WC (Williams et al., 2009). The prevalence of
depression varied depending on BMI level (Zhao et al., 2009) while a meta-analysis
reported by Wardle et al. (Wardle, Chida, Gibson, Whitaker & Steptoe, 2011)
showed that stress was associated with increasing adiposity, but the effects for
weight gain were very small.
Weight and perceptions of weight also play an important role in body
dissatisfaction. In a study conducted by Tarigan et al. (2005) among obese
adolescents in Indonesia, obese girls were 19.5 times more likely than normal-
weight girls to feel dissatisfaction with their bodies. Whereas, obese boys in the
sample were only 13.4 times more likely than normal-weight boys to express the
same level of dissatisfaction with their bodies. Lu and Hou (2009) reported in a
study that white adolescents more commonly over-estimated their weight whereas
Black adolescents were more likely to under-estimate their weight. It was reported
that Chinese girls had more body dissatisfaction than Chinese boys, a trend that did
not appear in Malay and Indian boys and girls. Females were also more likely than
males to consider themselves to be overweight (Lemon, Rosal, Zapka, Borg &
Andersen, 2009) and tended to perceive their “fatness” poorly regarding the
medical definition of %BF. Each of these reasons underlines the importance of
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including body composition measurements in the assessment of body image
(Kagawa, Kuroiwa, et al., 2007).
Evidence indicated that some overweight and obese individuals felt ugly and
ashamed of their body size and frustrated about being overweight, which led to less
effective physical performance. However, this condition did not sufficiently
motivate them to lose weight which is possibly due to lack of knowledge and failure
in previous efforts (Chang et al., 2009). On the other hand, Carr et al. (2007)
reported that obesity may not have negative psychological consequences among
whites, Asians, and Hispanics in the MIDUS study after a range of obesity-related
stressors were controlled. They also found the effects of body weight on mood did
not differ significantly among race and gender. However, this psychological state
may increase the prevalence of overweight and obesity since overweight and obese
individuals who feel comfortable with their body will maintain the excess weight
and make less effort to attain a healthy body weight. Consistent with these findings,
a study by Tarigan et al. (2005) noted that obese adolescents in Indonesia have tried
to lower their body weight; however, many of them had given up as it seemed they
failed to reach their goals. It was indicated that appearance and weight motivation
were association with greater body dissatisfaction.
While some studies have reported the associations between body image,
overweight and obesity or body composition and others have addressed the
assessment of body image, very little work has focused on body image and its
relationship with overweight and obesity, and the body composition of Indonesian
adults. Therefore, this study will explore the associations of body image,
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anthropometry, and body composition. This study will also develop an Indonesian
version of an instrument to assess body image.
2.5.4 Assessment of Body Image
Methods of assessment of body image in general are divided in two kinds, one
related to perceptual dimension or size estimation, and the other, subjective
attitude evaluations and cognitions (Thompson, 2000). Within the perceptual
dimension there are three visio-spatial techniques using silhouettes or contour
drawings, objective measures, and computer software (Thompson, 2000).
Silhouettes or contour drawings have been widely used to assess body image and
have been developed for normal and obese populations. More than 21 sets of
contour drawings have been developed from 1960 to 1995 (Thompson & Gray,
1995). For example, the Body Image Projective Test (BIPT) by Hunt and Weber
(1960), the Figure Rating Scale (FRS) by Stunkard et al. (1983) and by Fallon and
Rozen (1985), the Body Size Drawings (BSD) by Silberstein et al. (1988) and by
Radke-Sharpe et al. (1990), and the Contour Drawing Rating Scale (CDRS) by
Thompson and Gray (1995). Silhouettes or contour drawings are the most feasible
to conduct in large epidemiological studies because they are relatively easy and
cheap, plus they do not need specific instruments. CDRS by Thompson and Gray
(1995) will be utilized in this proposed study to evaluate the body image of
Indonesian adults in terms of the discrepancy between body size at present and the
body ideal of individuals.
Objective measures such as light beam projectors, distorting photograph, television,
mirror, or video camera have been used to measure body-size perceptions, for
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example, the Adjustable Light Beam Apparatus by Thompson (1990), Distorting
Photograph Technique by Garfinkel et al. (1979), and the Distorting Video Method
by Bowden et al. (1989) (Thompson, 2000). These techniques require specific
instruments and laboratory space rendering them inappropriate for field settings.
The last method is computer-based techniques to evaluate body perception or size
estimation including the Body Image Assessment Software (Ferrer-Garcia &
Gutierrez-Maldonado, 2008; Letosa-Porta, Ferrer-Garcia & Gutierrez-Maldonado,
2005), the Body Morph Assessment (Stewart, Allen, Han & Williamson, 2009;
Stewart, Williamson, Smeets & Greenway, 2001) and the Somatomorphic Matrix
(Cafri, Roehrig & Thompson, 2004). Computer-based techniques are the most
recently developed approaches to assess body image and remain the most
challenging given the rapid development of information technology.
The subjective attitude evaluations and cognitions method involves the subjective
assessment of attitude evaluations and cognitions commonly using questionnaires
(Thompson, 2000). For example, the Body Satisfaction Scale (BSS) by Slade et al.
(1990), the Body Esteem Scale (BES) by Mendelson and White (1985), the Body
Shape Questionnaire (BSQ) by Cooper et al. (1987) and the Sociocultural Attitudes
Towards Appearance Scale by Heinberg et al. (1995). Many questionnaires have
been developed to evaluate body image in the last three decades. Tests for
reliability and validity of the instruments as well as their development into other
versions have received much attention from researchers.
BSQ (Cooper, Taylor, Cooper & Fairburn, 1987) is one of the instruments widely
used to assess body image, specifically, individual’s concerns about their body
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shape. When it was originally developed, the BSQ comprised 34-item self-reported
questionnaire and was reported to have good validity in 38 bulimia nervosa (BN)
women and 119 occupational therapy students as control subjects. Psychometric
assessment of the BSQ showed good concurrent validity with the Body
Dissatisfaction subscale of the Eating Disorder Inventory (EDI; Garner et al., 1983) r
= 0.35, p<0.02 in BN and r = 061, p<0.001 in control subjects and with the total
score of the Eating Attitude Test (EAT; Garner & Garfinkel, 1979) r = 0.66, p<0.001 in
BN). The discriminant validity was also acceptable in which scores for the BSQ were
significantly higher among a community sample of women who were more
concerned about weight and shape than those who were unconcerned about such
problems. Additionally, BN cases in the community were found to have significantly
higher BSQ scores than in the asymptomatic control community (Cooper et al.,
1987).
Rosen et al. (1996) tested the psychometric values of the BSQ (Cooper et al., 1987)
in 466 women and men from clinical (women, body image therapy patients, and
obese dieters, and obese men) and non-clinical samples (women, university
undergraduate students and university staff). Tests included test-retest reliability;
concurrent validity with the Multidimensional Body-Self Relations Questionnaire
(MBSRQ; Brown, Cash, & Mikulka, 1990) and the Body Dismorphic Disorder
Examination (BDDE; Rosen, Reiter, & Orosan, 1995). Test-retest reliability showed
strong correlation with a coefficient of 0.88, p<0.001 and reliability coefficients of
internal reliability were significant at p<0.01 for all 34 items. Concurrent validity
showed the BSQ was strongly related with the BDDE with correlations of 0.58,
p<0.05 in body image therapy patients, 0.81, p<0.05 in 81 obese dieters, 0.77,
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p<0.05 in university undergraduates, and 0.78, p<0.05 in university staff.
Correlations with the MBSRQ were higher in the Appearance Evaluation subscale (r
= -0.47 to -0.67, p<0.05) and Body Areas Satisfaction (r = -0.53 to -0.71, p<0.05),
while correlations with the Appearance Orientation subscale ranged from 0.28 to
0.58 (p<0.05). Correlations with BMI were higher in non-clinical samples (university
undergraduate: r = 0.30, p<0.05 and university staff r = 0.39, p<0.05) than in BI
therapy patients, r = 0.19, p<0.05 and r = 0.00 in obese dieters.
As a 34-item questionnaire is likely too long, and may not be efficient for the
participants and the investigators (Evans & Dolans, 1993) or, in the case where brief
instruments are needed in particular contexts of research setting, shortened
versions of the BSQ (Cooper et al., 1987) might be helpful. Among the short versions
of the BSQ that have been proposed and validated are the 8- and 16-item BSQ
versions (Downson & Henderson, 2001; Evans & Dolan, 1993), the 14-item BSQ
version (Dowson & Henderson, 2001), and the 10-item BSQ version (Warren et al.,
2008).
In a study carried out on a non-clinical sample of 342 adult women, Evans and Dolan
(1993) reported validation of the BSQ (8-item and 16-item versions) in two series of
validation subsamples. In the first subsample, the 16-item scales correlated at 0.96
and were not significantly different in mean scores of paired tests (t = 0.14, p =
0.89). The Cronbach’s alpha values for the split were 0.93 to 0.96. The 8-item scales
had a correlation from 0.92 to 0.94 and there were not significant differences in
mean scores of paired tests, with alpha ranging from 0.87 to 0.92. Both the 16-item
and 8-item scales showed identical convergent relationships with EAT-26 (Garner et
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al., 1982), BMI, and self-reported weight category; and identical divergent
relationships with measures of anxiety and depression of the Hospital Anxiety and
Depression Scale (HAD; Zigmond & Snaith, 1983), age, and parity. In a second
validation subsample, however, the 16-item scales correlated with r = 0.95 and non-
significant mean differences (t = 0.44, p = 0.66). The correlation of 8-item scales
ranged from 0.88 to 0.93 and the differences between scale 1 and 2 (which
correlated to 0.88) were not statistically significant (t = 1.61, p = 0.11) but other
paired tests were significantly different (scale 1 versus scale 3, scale 2 versus scale
4, and scale 3 versus scale 4).
Convergent and discriminant validity showed correlations of the short versions with
the full version of the BSQ, with scores ranging from 0.96 to 0.99. All correlations
with BMI (0.36 to 0.39), EAT-26 score (0.58 to 0.63), HAD anxiety (0.49 to 0.52), and
depression scores (0.41 to 0.53) were statistically significant and almost identical for
all scales. Correlations with age were low and negative as expected (-0.11 to -0.17)
but generally weakly statistically significant. Convergent validity was also
determined using a very simple measure of body image in which respondents were
asked to categorize themselves as “very overweight”, “overweight”, “average”, or
“underweight”. There was a strong relationship between self-categorization and
total BSQ score with statistically significant differences between all except the last
two groups. The strength of the overall relationship was almost identical for all
shortened scales (Evans & Dolan, 1993).
Validity of the 14-item BSQ version was reported by Dowson and Henderson (2001)
in 75 anorexia nervosa (AN) patients and patients with psychogenic low weight. The
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14-item BSQ version was significantly related with the Beck Depression Inventory
(BDI; Beck et al., 1961) with r = 0.47, the EAT-26 (Garner et al., 1982) with r = 0.68,
the Bulimia Investigatory Test Edinburgh (BITE; Henderson and Freeman, 1987) with
r = 0.59, and BMI with r = 0.29. The internal reliability was 0.93. Whereas, Warren et
al. (2008), on the other hand, evaluated the psychometric properties of the full
version and the shortened BSQ versions (the 16-item and 10-item BSQ) in women
without eating disorders (ED) of Euro-American (n = 505), Hispanic-American (n =
151) and Spanish (n = 445) origin; and in 177 Spanish women being treated with ED.
The full 34-item BSQ version showed the Cronbach’s alphas coefficient ranging from
0.96 to 0.98, whilst, the 16-item BSQ Scale 1 and 2 had coefficient alphas ranging
from 0.92 to 0.95 and from 0.93 to 0.96, respectively. Among non-ED women, Euro-
American showed the greatest and Spanish non-ED showed the lowest means of
the BSQ score in all BSQ Scales. These results suggest that the original 34-item
version and all shortened forms of the BSQ fit well in every group and those various
forms of BSQ are psychometrically adequate for use in a population, however, they
may not be adequate for use in other populations since cultural and ethnic
differences could influence responses to items tested. Therefore, preliminary
investigation to test the reliability and validity of these instruments is necessary to
find the applicability of the instruments to the population studied. To date, no study
has reported on the reliability and validity of the BSQ, particularly the shortened
versions, in an Indonesian population. Tarigan et al. (2005) used the full version of
the BSQ in a study of Indonesian adolescents but did not report the reliability and
validity of this instrument. For these reasons, this study investigated the reliability
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and validity of the 16-item BSQ version (Evans & Dolan, 1993) in an Indonesian
adult population.
The Contour Drawing Rating Scale (CDRS) developed by Thompson & Gray (1995) is
an instrument that measures levels of body dissatisfaction, which may also be
employed to produce an index of body-size perception accuracy (Thompson & Gray,
1995). The CDRS is comprised of nine male and nine female contour drawings
designed with detailed features in properly graduated sizes and has good test-retest
reliability and construct validity (Thompson & Gray, 1995; Wertheim, Paxton &
Tilgner, 2004). The CDRS will be applied to measure body image, in particular level
of body dissatisfaction, as some improvements have been made to the contour
drawings used (Thompson & Gray, 1995). Improvements include front-view contour
drawings that illustrate fine degrees of difference between proximate figures with
consistent differences in size between successive figures. They illustrate progressive
and realistic increases in WHR which consequently allow more accurate
assessments of body image elements (Furnham, Petrides & Constantinides, 2005;
Streeter & McBurney, 2003). Moreover, the CDRS can be administered quickly and
split at the waist for accurate comparisons of upper and lower body (Thompson &
Gray, 1995).
Test-retest reliability of the CDRS showed a reliability coefficient with r = 0.78
(p<0.0005) within a 1 week period in 32 young females (Thompson & Gray, 1995).
Concurrent validity with the self-reported weight and current self-rating was r =
0.71, p<0.0005, and with BMI r = 0.59, p<0.0005. Validity of the male and female
contour drawings of the CDRS has been demonstrated in a second evaluation of the
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scale in 250 men and women which resulted in current self-ratings being strongly
correlated with BMI in female subjects with r = 0.76, p<0.0001, and male subjects
with r = 0.72, p<0.0001 (Thompson & Gray, 1995). Wertheim et al. (2004) reported
that the CDRS showed test-retest reliability at 2, 6, and 14 weeks in 1056 grade 7
and 8 girls for current size, ideal size, and current-ideal discrepancy, which mostly
exceeded 0.70 (ranging between 0.65 and 0.87) with p exceeding p<0.05. In
addition, validity tests showed that current-ideal discrepancy was moderately to
strongly related to the Eating Disorders Inventory Body Dissatisfaction/EDI-BD
(Garner, Olmstead, & Polivy, 1983) (full sample r = 0.40), the EDI Drive for
Thinness/EDI-DT (Garner, Olmstead, & Polivy, 1983) (full sample r = 0.62, Grade 7 r
= 0.66; Grade 8 r = 0.57), and the Dutch Eating Behaviour Questionnaire-Restrained
Eating Scale/DEBQ-R (full sample r = 0.57; Grade 7 r = 0.62; Grade 8 r = 0.51). At the
first administration, the current figure correlated 0.69 with measured BMI in a full
sample and r = 0.64 with body weight. Discriminant validity was supported by
assessed social desirability (using the short form of the Children’s Social Desirability
Scale, CDS; Crandall et al., 1965, 1991) and figure ratings which were very low or
non-significantly correlated in the full sample, current figure r = -0.07, n = 802, p =
0.05; ideal figure r = 0.08, n = 801, p = 0.034; current-ideal r = -0.15, n = 801,
p<0.001.
Some limitations of figure rating scales according to Gardner and colleagues (1998)
exist when respondents select from only a small, finite number of figures from a
coarse scale that are supposed to represent a near-continuous scale. Rating scales
often do not include graduations, resulting in coarse measurements. Since figure
scales are commonly used as continuous scales, they should include standard
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increases in size between figures and sufficient graduations. Some existing figure
scales, however, do not include figures with fine, standard increases (Gardner,
Friedman & Jackson, 1998). Another limitation was restriction of scale range
selected by respondents which probably occurs due to a relatively large amount of
distortion in the figural stimuli coupled with the small amount of perceived
distortion by most respondents. In addition, limitations of figural stimuli arise from
measurement assumptions and administration of stimuli (Gardner et al., 1998). The
CDRS illustrates fine degrees of difference between adjacent figures with consistent
differences in size between consecutive figures. It also illustrates progressive and
realistic increases in waist-to-hip ratio which would permit more accurate
assessments of elements of body image.
It may be that other measures of body rating assessment could be considered as
better measures, however, many of these methods need to be administered
individually and are thus not suitable for a large mass setting. The CDRS can be
administered quickly and easily since it clearly and consistently defines facial and
bodily features, together with fine increases between consecutive figures, including
gradual and sensible increases in waist-to-hip ratio. Test-retest reliability and
validity of the CDRS also supports its use as a measure of body size perception
(Thompson & Gray, 1995). Nonetheless, further research is needed to examine the
most useful form of figure ratings in specific contexts.
The BSQ has been reported in a study of Indonesian adolescents (Tarigan et al.,
2005a), however, no validity or reliability testing was reported for this instrument.
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No study has reported the applicability cross-culturally of the short version of the
BSQ, especially in an adult population.
2.6 EATING BEHAVIOURS
2.6.1 Definition of Eating Behaviours
Eating behaviours are complex and associated with a range of factors, such as
environmental and biological processes. Brewer, Kolotkin, and Baird (2003)
differentiated several types of eating behaviours, including eating before bedtime,
eating between meals, feeling hungry within three hours of eating, and eating
beyond satisfaction. Among these kinds of eating behaviours, eating beyond
satiation was determined to have an association with age and onset of obesity
(Moreira & Padrão, 2006). It has been reported that obesity was strongly associated
with eating disorders in surveys conducted in 1991 and 2004 in Norway. However,
the prevalence of overweight and obesity doubled between the two surveys, while
the prevalence of eating disorders has been steady (Zachrisson, Vedul-Kjelsas,
Gotestam & Mykletun, 2008).
It was suggested that some eating behaviours such as seating, serving, and eating
behaviour itself may influence food intake not only in laboratory studies, but also in
observational findings as reported in Chinese participants (Wansink & Payne, 2008).
Individuals with higher BMI levels were likely to choose larger plates, face the buffet
rather than sitting at the side or back, use chopsticks rather than forks, browse the
buffet before eating rather than serving themselves immediately, have a napkin on
their lap, leave little food on their plates, and chew less per bite of food (Wansink &
Payne, 2008). Rapid advances in neuroscience and psychology are able to explain
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some factors associated with food intake and energy output, and consequently
obesity. These factors may override appetite control in the brain and hence the
necessity to be attentive in order to control body weight. They include food
palatability and appearance, sensory-specific satiety, food variety, food availability,
visual stimulation and advertising, energy density and nutritional content of food,
portion size, and cognitive states. Evidence suggests that low reward sensitivity is
associated with obesity and that strong motivation of appetite leads to overeating
and gaining weight (Davis, 2009).
Eating disorders result from the interaction between environmental events and the
biological, psychological, emotional, and developmental features of the individuals
(Treasure, Claudino & Zucker, 2010). The American Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) outlined three categories of
eating disorders: anorexia nervosa, bulimia nervosa, and eating disorders not
otherwise specified. While, the International classification of disease (tenth
revision) (ICD-10) presented three categories: anorexia nervosa, bulimia nervosa,
and atypical eating disorder (Fairburn & Harrison, 2003; Treasure et al., 2010), some
references indicated binge eating disorder as the third category of eating disorders
in DSM-IV after anorexia nervosa and bulimia nervosa (Gowers & Palmer, 2004;
Hetherington, 2000; Pomeroy, 2000), however, Treasure et al. (2000) specified
binge eating disorder as a subcategory of eating disorder not otherwise specified.
To this extent, binge eating disorder is defined as frequent binge eating
distinguished from bulimia nervosa by the absence of recurrent inappropriate
compensatory behaviours which are often associated with obesity.
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Another category of eating disorder is also presented by Walsh and Sysko (2009)
who proposed an alternative system for classification namely the Broad Categories
for the Diagnosis of Eating Disorders (BCD-ED). This scheme consists of three broad
categories: Anorexia Nervosa and Behaviourally Similar Disorders (AN-BSD); Bulimia
Nervosa and Behaviourally Similar Disorders (BN-BSD); Binge Eating Disorder and
Behaviourally Similar Disorders (BED-BSD); and a residual diagnostic category for
individuals with all other clinically significant eating disorders, the Eating Disorder
Not Otherwise Specified (EDNOS). The BCD-ED system appears to have some
advantages over the other systems regarding the possibility to reduce the number
of individuals perceiving EDNOS diagnosis while preserving the three-categories of
DSM-IV. This category also allows for the ability to diagnose individuals in specific
settings, where there is no appropriate comprehensive psychiatric assessment
available, such as in primary care, and seems to provide more specific diagnostic
information with subgroups within the broad categories (Walsh & Sysko, 2009).
Eating disorders are related to some major medical complications including
cardiovascular disease, gastrointestinal dysfunction, and abnormalities of renal, fluid,
electrolytes, endocrine and metabolic, pulmonary, dermatologic, dental, hematologic
and immunologic, and neurologic (Fairburn & Harrison, 2003; Pomeroy, 2000).
Therefore, assessment for eating disorders includes: a general medical history with
emphasis on weight, diet, menstrual patterns, sexual activity, psychiatric illnesses,
chemical dependence, use of diuretic or laxatives, and diet pills; complete physical
examination emphasizing weight, state of hydration, skin, hair, cardiac, pulmonary,
neurologic, and gynecologic examinations; and laboratory tests of blood, urine, and
bone density (Pomeroy, 2000). It should be noted that a variety of other medical
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illnesses can mimic the diagnosis of eating disorders including some intracranial
tumours, endocrine diseases such as thyrotoxicosis, growth hormone deficiency
(Gowers & Palmer, 2004), chronic infections especially tuberculosis, AIDS,
gastrointestinal and connective tissue diseases, Klein-Levin and Prader-Willi syndromes
(Pomeroy, 2000).
2.6.2 Factors Related to Eating Behaviours
Eating disturbances may develop when the energy consumed does not match the
energy expended and an energy imbalance has a negative effect on one’s health,
work, social, or family life (Abraham, Boyd, Luscombe, Hart & Russell, 2007).
Women have been reported to be more likely than men to define themselves as
overweight and be dissatisfied with their body which may result in unhealthy eating
behaviours (Aşçi, TüZün & Koca, 2006). Liebman et al. (2006) indicated that a high
BMI was possibly positively related to specific eating behaviours, i.e. larger portions,
eating while doing another activity, consumption of soft drinks and fast food. High
BMI was also associated with less frequent physical activity and a perception of not
getting sufficient exercise (Liebman et al., 2003). It was suggested that depression
affected obese individuals more severely, leading to overeating and subsequent
weight gain during the periods of depression. This may then trigger a cycle of
further episodes of depression as the weight increases (Murphy et al., 2009).
Disordered eating attitudes is a potential precursor to eating disorders which
significantly relate to body image, i.e. overweight preoccupation and illness
orientation, anxiety levels, and psychometrical parameters of emotional intelligence
such as emotional self-awareness, empathy, interpersonal relationships, stress
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management and happiness (Costarelli, Demerzi & Stamou, 2009). Abnormal eating
attitudes are associated with body image concerns regardless of ethnic background
in adolescent females in developing societies such as in South Africa (Caradas,
Lambert & Charlton, 2001). Evidence suggests that induced negative mood can
induce overeating in restrained women who have a tendency to overeat and that
positive mood may lead to overeating in women prone to overeat in the absence of
dietary restraint (Yeomans & Coughlan, 2009). Stress has also been reported to
stimulate behaviours related to eating disorders in a predisposed personality.
Sassaroli & Ruggiero (2005) indicated that low self-esteem, worry, and parental
criticism as one dimension of perfectionism were related to eating disorders while
exposed to stressful conditions, whereas another dimension of perfectionism, i.e.
concern over mistakes was related in stressful and non-stressful conditions as well.
Body dissatisfaction is suggested as a risk factor in eating disturbances such as
obesity, binge eating, anorexia and bulimia nervosa (Fett, Lattimore, Roefs,
Geschwind & Jansen, 2009). The more an individual feels dissatisfied with their
body the greater the possibility of this worsening to pathological conditions.
Striegel-Moore et al. (2004) indicated that the risks for disorders in eating
behaviours are associated with weight dissatisfaction which may result from body
size overestimation. In addition, socio-cultural factors such as thin ideal
internalization, which can also exist in developing countries, have effects on body
dissatisfaction, eating disturbance, and behaviours (van der Wal, Gibbons & del Pilar
Grazioso, 2008). Perception of overweight and defining oneself as “overweight” also
has a strong and significant relationship with binge eating (Saules et al., 2009),
which may be associated with the development and maintenance of obesity (Jarosz,
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Dobal, Wilson & Schram, 2007). Low self-esteem, low perceived social support from
the family, high body concerns and high usage escape avoidance have been
suggested as possible risk factors for eating disorders (Ghaderi, 2003).
Depression and anxiety are also suggested to be associated with binge eating and
subsequently obesity. Ivesaj et al. (2010) examined gender and racial differences in
binge eating and weight status in white, black, and bi/multiracial college students in
the US. Apparently, bi/multiracial women who were overweight and exhibiting
binge-eating behaviour indicated greater levels of anxiety than all other groups and
greater levels of depression than white men and women. Bi- or multi-racial women
and white women with binge eating and who were overweight also showed greater
body dissatisfaction compared with black women and white men (Ivezaj et al.,
2010). Mond and Hay (2008) examined attitudes and belief about binge eating in a
sample community of men and women and found that most individuals believed
that binge eating is basically a low self-esteem or depression problem and the most
helpful treatments were behavioural weight loss treatment and self-help
interventions.
Studies of the prevalence of eating disorders among ethnically-diverse populations
in Asia have concluded that the evidence of diagnosable eating disorders was lower
than for populations in Western countries. Some symptoms may present but not
adequately enough for full diagnosis. However, body dissatisfaction levels were
similar to and sometimes higher than those found in Westernized countries and
other eating disorder symptoms are as common (Cummins, Simmons & Zane, 2005).
Prevalence of diagnosable eating disorders appeared low in India, Pakistan, and
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Hong Kong, but similar to those found in Western countries (Cummins et al., 2005).
In Japan, prevalence of eating disorders has considerably increased since the 1980s
but is still quite low compared with Western countries (Chisuwa & O'Dea, 2010b). It
was predicted that approximately 18% of mortality rates can be attributable to
anorexia nervosa (Hetherington, 2000). The lifetime prevalence in adults of
anorexia nervosa, bulimia nervosa, and binge eating are about 0.6%, 1%, and 3%
respectively. More women reported as suffering from anorexia nervosa (0.9%),
bulimia nervosa (1.5%), and binge eating (3.5%) than men, i.e. 0.3%, 0.5%, and 2.0%
respectively (Treasure et al., 2010).
2.6.3 Eating Behaviours and Obesity
Previous research reported that BMI was associated with body dissatisfaction and
potential risk of eating disorders, and varies with ethnic groups and gender (Lynch
et al., 2007). Among Native American, white, and Hispanic adolescents, Lynch et al.
(2007) indicated that BMI was considerably and positively associated with weight
shape concerns and with dieting and exercising to control weight in all ethnic
groups and across genders. BMI was also significantly correlated with negative
appearance appraisal among females, except for Hispanic girls. In contrast, BMI was
not correlated with binge eating or purging behaviours within males and females.
These findings are similar to results of studies reported by Yates et al. (2004) that
BMI was strongly associated with body dissatisfaction in white females and Filipino
males but less in white males and Japanese females. Caradas et al. (2001) also
indicated that white girls had considerably more body shape concerns than black
girls even though BMI was significantly greater in black girls when compared with
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white girls in the South African community. On the other hand, Adami and Cordera
(2003) reported that eating patterns cannot be considered as a significant
determinant of body weight in a male population in Italy. It was suggested that
body weight regulation involves cognitive factors rather than merely behavioural
factors.
A sample of premenopausal overweight and obese women in Canada revealed that
food preoccupation was closely related to weight preoccupation and, as such,
flexibility in eating and hunger seemed to be of relevance to their definition of
weight expectation. Women with more realistic weight expectations experienced
less body dissatisfaction, higher levels of flexible restraint, and low susceptibility to
hunger (Provencher et al., 2007). Hence, having more realistic weight expectations
may promote healthier psychological and eating behavioural characteristics. Beliefs
about obesity are also indicated to have a relationship with some lifestyle
behaviours. The belief that obesity is caused by lifestyle behaviours was associated
with greater reported levels of physical activity (Wang & Coups, 2010). Gamble and
colleagues (2009) also reported that self-efficacy for healthy eating behaviour was a
significant moderator of physical activity and related to BMI in adolescents
(Gamble, Parra & Beech, 2009).
Increased physical activity may be of benefit in preventing obesity through
controlled eating behaviours. Tsai et al. (2003) indicated that food restriction had a
greater impact on and more effectiveness in weight loss than physical activity (Tsai,
Sandretto & Chung, 2003). However, increased physical activity showed a better
quality of weight loss by greatly reducing body fat loss and maintaining lean body
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mass. Both food restriction and increased physical activity were able to decrease
leptin, insulin, total triacylglycerol, and LDL cholesterol levels, but HDL cholesterol
was elevated only by increased physical activity. Evidence supported that exercise
has an advantageous role in appetite regulation (Martins, Morgan & Truby, 2008).
Exercise may lead to eating behaviour that is more able to respond to the previous
energy intake and not to provoke any acute or chronic physiological adaptations
that would initiate hunger and/or energy intake shortly after.
Food attitudes and health perceptions about food are related to eating behaviours.
Undergraduate males and females in the US were not aware of the actual
nutritional content of food when deciding a food’s healthiness; beliefs about the
healthiness of food were not related to how frequently the food was eaten; and the
taste of food significantly predicted both attitudes toward and selection of most
foods (Aikman, Min & Graham, 2006). In addition, lifestyle behaviour and measured
diet were related to motivation towards eating healthily as reported in Irish adults
by Hearty et al. (2007). Females with increasing age, higher social class, tertiary
education, non-smokers, lower body-weight, and increased recreational activity
exposed less risk for having negative attitude towards healthy eating behaviour
(Hearty, McCarthy, Kearney & Gibney, 2007). However, eating patterns cannot be
regarded as a significant determinant of body weight and further explain the poor
long-term weight loss achieved by conventional behaviour-modification therapy in
obese patients as indicated by Baker et al. (2000). Therefore, regulation of body
weight is suggested to involve cognitive patterns rather than merely behavioural
factors.
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2.6.4 Assessment of Eating Behaviours
The most common methods used for determining disorders in eating behaviours
are self-report inventories. A number of instruments have been developed since
Garner and Garfinkel (1979) introduced the Eating Attitudes Test (EAT) to assess
thoughts and behaviours related to anorexia nervosa. Initially, the EAT was a 40-
item questionnaire to evaluate a broad range of behaviours and attitudes in
anorexia nervosa patients (Garner & Garfinkel, 1979). An abbreviated 26-item
version of the EAT was then proposed by Garner et al. (1982) based on a factor
analysis of the original EAT-40 scale (Garner, Olmsted, Bohr & Garfinkel, 1982).
Some instruments were designed for diagnosing symptoms of both anorexia
nervosa and bulimia nervosa, for example (Williamson, Anderson & Gleaves, 2000):
the Eating Disorder Inventory-2 (Garner, 1991), the Setting Conditions for Anorexia
Nervosa Scale (Slade & Dewey, 1986), the Mizes Anorectic Cognitions Scale (Mizes
& Klesges, 1989). Other instruments are specifically designed to measure cognitive
distortion and symptoms of bulimia nervosa, for example: the Bulimia Test-Revised
(Smith & Thelen, 1984), the Bulimia Cognitive Distortions Scale (Schulman et al.,
1986), The Eating Questionnaire-Revised (Williamson et al., 1989), and the Bulimic
Investigatory Test, Edinburgh (Henderson & Freeman, 1987).
Another widely used instrument to assess eating disorder risk is the Eating Habits
Questionnaire (EHQ) proposed by Coker and Roger (1990) as a screening device that
could be quickly and easily be administered to identify a range of eating and weight
disorders, including anorexia, bulimia, and atypical eating disorders or eating
disorder not otherwise specified (EDNOS). The results of the EHQ enable the
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stratification of participants in the normal population and those with eating
disorders, rather than simply distinguishing between sufferers and non-sufferers
(Striegel-Moore et al., 2004). Therefore, the EHQ is applicable to identify individuals
with certain eating problems as well as normal individuals who are at risk for
developing eating disorders (Coker & Roger, 1990). The EHQ consists of 57
true/false items that include three main factors: 1) concern with weight and dieting;
2) restrained eating; and 3) overeating. The EHQ showed excellent reliability tests
with a test-retest reliability of 0.95 with a 4-week interval on a separate sample of
67 female undergraduates. Internal reliability was shown by a coefficient alpha of
0.89 for a total sample of 800 participants (450 females, 350 males), 0.91 when
male data were partially out, and 0.95 on an independent sample of 80 female
undergraduates. Concurrent validity in the sample of 67 female undergraduates
showed that the EHQ correlated with the Bulimic Investigatory Test Edinburgh
(BITE) with r = 0.87, p<0.01 and with the Eating Attitude Test (EAT) with r = 0.73,
p<0.01. Predictive validity in the female patients showed as expected that obese,
anorectic, and bulimic patients had the highest proportion of high scores in the
EHQ. In addition, predictive validity in 108 female undergraduates, 58 women in an
aerobic class and 30 bulimic patients showed as expected that women from the
aerobic class obtained higher mean scores than female undergraduates but lower
scores than bulimic patients. The mean scores for the female undergraduates,
aerobic, and bulimic groups were 21.99 (±10.26), 24.28 (±10.85), and 46.73 (±5.54).
The EHQ was designed as an instrument that can be administered quickly for
individuals with eating problems and those in the normal population who are at risk
of developing some form of eating disorder. These advantages underline the
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usefulness of the EHQ as an instrument to evaluate eating behaviours in the
proposed study.
It is well understood that disordered eating is more prevalent in industrialized,
developed countries (Hoek, 2002). However, the influence of socio-cultural factors may
increase the risk for eating disorders in developing countries such as Guatemala (van
der Wal et al., 2008) and Turkey (Aşçi et al., 2006). To date, no studies have reported on
the prevalence of eating behaviours and disordered eating and the risk factors in
Indonesian populations. The associations of eating behaviours and disordered eating
with anthropometry and body composition also need to be further investigated.
2.7 PHYSICAL ACTIVITY
2.7.1 Definition of Physical Activity
Physical activity is defined as any bodily movement produced by skeletal muscles
that requires energy expenditure (World Health Organization, 2012c).
Measurement of physical activity includes three dimensions, i.e. duration,
frequency, and intensity of the intentional activities performed at some period in
the past (Thomas, Nelson & Silverman, 2005). Duration refers to minutes or hours
spent in a specific activity per session. Frequency refers to the number of times,
typically weekly, that an individual is physically active. Intensity refers to the level of
effort associated with an activity and commonly classified as light, moderate, or
vigorous (Thomas et al., 2005).
The maintenance of a certain level of physical activity is important for health,
including the prevention of non-communicable diseases (NCDs). WHO has
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developed the “Global Recommendations on Physical Activity for Health” to provide
national and regional level policy makers with guidance on the dose-response
relationship between the frequency, duration, intensity, type and total amount of
physical activity needed for the prevention of NCDs (World Health Organization,
2012c). These recommendations are set out for 5–17, 18–64, and ≥65 year age
groups and physical activity categories include leisure-time physical activity,
transportation (e.g. walking or cycling), occupational (i.e. work), household chores,
play, games, sports, in the context of daily, family, and community activities. The
recommended physical activity levels for adults (18–64 years) are at least 150
minutes of moderate-intensity activity throughout the week, or at least 75 minutes
of vigorous-intensity aerobic physical activity throughout the week, or an equivalent
combination of moderate- and vigorous-intensity activity. Aerobic activity should be
performed in bouts of at least 10 minutes duration; for additional health benefits,
adults should increase their moderate-intensity aerobic physical activity to 300
minutes per week, or engage in 150 minutes of vigorous-intensity aerobic physical
activity per week, or an equivalent combination of moderate- and vigorous-
intensity activity; and muscle-strengthening activities should be done involving
major muscle groups on two or more days a week (World Health Organization,
2010). These recommendations are similar to those of the American College of
Sports Medicine (ACSM) and the Centers for Disease Control and Prevention (CDCP)
which recommend moderate physical activity for a minimum of 30 minutes on five
days each week or vigorous physical activity for a minimum of 20 minutes on three
days each week to promote and maintain health for adults aged 18 to 65 years
(Haskell et al., 2005).
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Studies indicate that physical activity varies between race/ethnic group, age, gender,
environment, and socio-economic level. Physical activity decreases with age for both
men and women across all racial/ethnic groups in the USA with men being more active
than women, with the exception of Hispanic women (Hawkins et al., 2009). Physical
activity is associated with gender and socio-economic position and varies according to
the environment of residence. Women in rural areas were found to engage in less
frequent physical activity than men, while in cities women were found to be more
active. Higher socio-economic position was associated with less physical activity in
women but not in men (Ortiz-Hernandez & Ramos-Ibanez, 2010). Studies of US adults
also reported that men engaged in more physical activity than women, and overweight
men and women who were trying to lose or maintain weight seemed to engage in
more physical activity than who were not trying to maintain or lose weight (Kruger,
Yore & Kohl, 2008).
2.7.2 Factors Related to Physical Activity
Studies on physical activity recently explored some psychological factors that
encourage individuals to engage in physical activitity. Duncan et al. (2010) examined
the associations between three exercise behaviours (frequency, intensity, and
duration) and various behavioural regulations (identified and integrated
regulations). The results indicated that all three exercise behaviours showed greater
correlation with autonomous regulation than with controlling regulations. In
addition, both integrated and identified regulations may predict exercise frequency
for males and females, but only integrated regulation provided the ability to predict
exercise duration in both genders. Whereas, interjected regulation can predict
79
exercise intensity for females only. It was suggested that exercise regulations varied
in their degree of internalization and can differentially predict characteristics of
exercise behaviours. Moreover, integrated regulation in the motivational profile of
a regular exerciser was a significant determinant of exercise behaviour (Duncan &
Nevill, 2009). A study of adolescents found that this association is affected by the
environment (Prins, Oenema, van der Horst & Brug, 2009).
In addition, self-efficacy is significantly correlated with physical activity levels and
differences across age and gender. This evidence is supported by Clark et al. (2010)
who found boys were more physically active as they had higher self-efficacy than
girls. However, girls experienced a stronger relationship between self-efficacy and
physical activity (Spence et al., 2010). It is suggested that affective response during
exercise was positively associated with participation in higher levels of physical
activity (Schneider, Dunn & Cooper, 2009). Moreover, it is necessary to recognize
the determinants of physical activity through mediators of behaviour change to
evaluate the efficacy of interventions. Changes in physical activity were most
affected by changes in self-regulation constructs, while self-efficacy and outcome
expectation type constructs were limited and negligible (Rhodes & Pfaeffli, 2010).
Older adults experienced a greater perceived control over physical activity than
younger and middle-aged adults. However, in contrast to the study by Clark et al.
(2010), Rhodes et al. (2008) found that relationships between beliefs and behaviour
were not different across age and gender. Physical activity beliefs are invariant
across age and gender with the exception of mean levels of perceived control. The
differences could be explained by factors such as early parenthood and career
demands. Additionally, some properties of physical activity may have an automatic
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component and that habits may be important to physical activity achievement
control (Rhodes, de Bruijn & Matheson, 2010). Whereas, a study by Martins et al.
(2008) concluded that exercise and inactivity have a role in appetite regulation in
the short and long term. Active men had a better short-term appetite control
compared with sedentary men and previously sedentary individuals showed
improved appetite control after receiving an exercise intervention.
Physical activity is also associated with psychological health. Physical activity may
improve psychosocial health as suggested by Akbartabartoori et al. (2008), including
depressive symptoms (Ball, Burton & Brown, 2008; Kamphius et al., 2007; Teychenne,
Ball & Salmon, 2008). Teychenne et al. (2008) investigated associations between
specific components of physical activity (domain, dose, and social context) and the odds
of depressive symptoms in women. Those who did more than 3.5 hours leisure-time
physical activity per week had a lower likelihood of depressive symptoms compared to
those who did less than 3.5 hours. Work-related, transport-related, or domestic
activities were among domains of physical activity associated with depressive
symptoms. The likelihood of depressive symptoms was lower among women who
engaged in more leisure-time physical activity.
2.7.3 Physical Activity and Obesity
Physical activity is positively associated with health-related quality of life (Bize,
Johnson & Plotnikoff, 2007). A higher level of physical activity is of benefit for
preventing premature death (Heitmann, Hills, Frederiksen & Ward, 2008; Inoue et
al., 2008), and diseases such as breast cancer (Kruk, 2007; Kruk & Aboul-Enein,
2003; Slattery et al., 2007). However, some studies show an unclear relationship
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between physical activity and BMI. Association of physical activity with health-
related quality of life varies and is independent of BMI as indicated by Blanchard et
al. (2009) and Aires et al. (2010). Blanchard et al. (2009) reported that physical
activity in cancer survivors varies with BMI. BMI and physical activity are
independently associated with health-related quality of life. BMI was also inversely
and substantially associated with cardiorespiratory fitness (CRF) which was
associated with vigorous and very vigorous physical activity levels and total amount
of physical activity (Aires et al., 2010).
Increased body fatness and decreased physical fitness predispose people to higher
metabolic risk (Sacheck et al., 2010) and CVD risk factors (Hui, Thomas & Tomlinson,
2005). Having physical fitness independent of body fatness may be beneficial for a
healthier body composition. However, these effects vary with gender for each risk
factor. Increased fitness was associated with increased HDL and decreased
triglycerides in women and decreased serum glucose in men. Individuals who were
fit were more likely to have optimal levels of serum glucose and lipids regardless of
percentage of body fat (Sacheck et al., 2010). The risks also vary with age. The risk
of abdominal fat gain in middle-age women may decrease by increasing daily
physical activity independent of changes in total body fat or energy intake
(Davidson, Tucker & Peterson, 2010). Men and postmenopausal women deposit
more fat in the intra-abdominal area than do premenopausal women, and
subsequently have a greater risk of developing the metabolic problems associated
with obesity (Shi & Clegg, 2009).
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Some studies have also found that physical activity is associated with body composition
status (den Hoed & Westerterp, 2008; Lohman et al., 2008) and certain chronic
diseases (Guthold et al., 2008). Guthold and colleagues (2008) reported from a 51-
country survey that approximately 15% of men and 20% of women were at risk of
chronic diseases due to lack of physical activity. High levels of fitness apparently protect
middle-aged women against weight gain, whereas low and moderate fitness increases
the risk of weight gain at all ages. Adjusting for potential factors such as age, education,
strength training, energy intake, and weight, the risk for weight gain had little effect on
results (Tucker & Peterson, 2010). A longitudinal study on a walking intervention in an
African American population resulted in overall advantages in activity classification and
significant increases in steps per day following the intervention. However, there were
no associations among step counts and changes in anthropometric and biological traits
(Zoellner et al., 2010). Despite the growing research investigating physical activity and
related factors, only a few studies reported the physical activity levels of Indonesian
adults and their relation to body size and composition. Therefore, one aim of the
proposed research was to investigate the association of physical activity with body
composition and the anthropometry of Indonesian adults.
2.7.4 Assessment of Physical Activity
The assessment of physical activity ranges from direct measurement of the amount
of heat produced by the body during activity to indirect methods such as asking
individuals to rate activities during the past week or year (Thomas et al., 2005).
Methods of measurement have a significant influence on the levels of physical
activity observed. Direct measurement of physical activity is considered to be the
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best and is often utilized to validate non-direct instruments to assess physical
activity. For this purpose, the doubly labelled water method has become the gold
standard for the validation of field methods of physical activity assessment
(Westerterp, 2009). Prince et al. (2008) indicated that compared with directly
measured physical activity, self-report measures of physical activity produced both
higher and lower results. However, no clear pattern exists for the mean differences
between physical activity measured using different methods (Prince et al., 2008).
Among other indirect measurements of physical activity, accelerometers, step-
count pedometers, and Global Positioning System (GPS) are considered useful and
have been used by many researchers (Maddison et al., 2007; Morgan, Tobar &
Snyder, 2010; Prince et al., 2008; Westerterp, 2009). Accelerometers can provide
adequate measurements of activity and some have been validated against the
doubly labelled water technique. A new generation of accelerometers have been
designed to provide information on body posture and activity recognition to allow
objective assessment of subjects’ daily activities (Westerterp, 2009). GPS provides
information about the location of the activity and can be used together with
Geographical Information Systems to support interactions with the environment.
However, no studies have shown that GPS alone is a reliable and valid measure of
physical activity (Maddison et al., 2007).
Questionnaires are a self-report or proxy method that is widely used as an approach
to assess levels of physical activity. Over the last few decades, numerous physical
activity questionnaires have been developed. The most widely used are the
International Physical Activity Questionnaire (IPAQ) (Hagströmer, Oja & Sjöström,
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2006) and the Global Physical Activity Questionnaire (GPAQ) (Bull, Maslin &
Armstrong, 2009; Trinh, Nguyen, van der Ploeg, Dibley & Adrian Bauman, 2009). In
addition, some countries have developed their own instruments for use in large-
scale health surveys. These include the Australian National Health Survey (ANHS)
(Brown, Trost, Bauman, Mummery & Owen, 2004), New Zealand Physical Activity
Questionnaire (NZPAQ) (Maddison et al., 2007), and the European Prospective
Investigation into Cancer and Nutrition (EPIC) (Cust et al., 2008). Prince et al. (2008)
reviewed direct versus self-report measures of physical activity in a systematic
review showed that direct measures of physical activity were generally low-to-
moderately correlated. Self-report measures can under or overestimate levels of
physical activity compared with direct measures of physical activity levels. This is
probably because they are influenced by each individual’s capability to remember
activities completed over a certain period of time and to estimate time spent on
those activities.
IPAQ assesses physical activity in four domains: leisure-time physical activity,
domestic and gardening activities, work-related physical activity, and transport-
related physical activity. IPAQ is presented as the short and the long form. The IPAQ
short form assesses three specific types of activity, including walking, moderate-
intensity activities, and vigorous-intensity activities, which relate to the four
domains mentioned above. Computation of the total scores involves summation of
the intensity (in minutes) and frequency (days) of the three activities undertaken.
Domain-specific estimates are not possible in the short form of the IPAQ. The IPAQ
long form requests details about the specific types of activities carried out within
each of the four domains. Domain-specific scores can be obtained by summing up
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the specific domain, and, also activity-specific scores can be obtained by summing
scores for the specific type of activity across domains. Based on the physical activity
scores, IPAQ differentiates levels of activity into low, moderate, and high
(www.ipaq.ki.se).
An international study in 12 countries reported by Craig et al. (2003) demonstrated
that the IPAQ instruments can be used to collect reliable and valid physical activity
data. IPAQ instruments have also been used to estimate the physical activity of
populations worldwide both in developed and developing countries (Booth, Hunter,
Gore, Bauman & Owen, 2000; Brown et al., 2004; Deng et al., 2008; Hallal, Victora,
Wells, Lima & Valle, 2004; Ishikawa-Takata et al., 2008; Maddison et al., 2007;
Sobngwi, Mbanya, Unwin, Aspray & Alberti, 2001). Using an internationally agreed
standard measure of physical activity is valuable in identifying universal and
culturally-specific determinants of physical activity (Booth, 2000).
Tests for reliability and validity of this instrument have been extensively studied.
Craig et al. (2003) reported that IPAQ has good test-retest reliability with a
correlation of 0.81 (95% CI = 0.79–0.82) and validity correlations with
accelerometers of 0.33 (95% CI = 0.26–0.39) in a study across 12 countries including
the USA, South Africa, Australia, and Asia (Japan), and countries in South America
and Europe. Maddison et al. (2007) measured physical activity of 36 adult males and
females aged 18–56 years living in New Zealand using the long form of the IPAQ and
compared it to measures of doubly labelled water (DLW) as a gold standard method
for energy expenditure assessment. This study found that the long version of IPAQ
had good reliability as shown in a Spearman correlation coefficient of 0.79
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(p<0.0001) between 1 and 9 days and 0.74 (p<0.0001) between 9 and 15 days.
However, there was on average an underestimation of energy expenditure of 27%
between the IPAQ and the DLW method. Further, Brown et al. (2004) reported that
a study in 104 Australian males and females aged 18–75 years administered with
the IPAQ showed good percentage agreement scores (79%) for activity status
classification as active, insufficiently active, or sedentary, and moderate agreement
with a Kappa coefficient (95% CI) of 0.47 (0.29 – 0.66). ICC for walking items was
0.53 (0.38 – 0.66), moderate intensity activity was 0.41 (0.24 – 0.56), vigorous
activity was 0.52 (0.36 – 0.65), and total minutes of activity was 0.68 (0.56 – 0.77).
Comparing the short and long versions of IPAQ, Hallal et al. (2004) demonstrated
that in a sample of 186 Brazilian men and women with a mean age of 40 years, the
short version showed a 50% overestimation of physical inactivity relative to the long
version (the Kappa value was 53.7%). The long version is more accurate, possibly
because it prompts separately for several activities.
Another advantage of the IPAQ is that the instruments have been translated into
other languages such as Japanese (Ishikawa-Takata et al., 2008), Vietnamese
(Lachat et al., 2008), Dutch (Vandelanotte, Bourdeaudhuij, Philippaerts, Sjöström &
Sallis, 2005), French (Gauthier, Lariviere & Young, 2009), and Chinese (Deng et al.,
2008). However, while translation, validity and reliability studies have been
reported for the IPAQ, no study has been undertaken in Indonesia. To the author’s
knowledge, very few studies have reported on the physical activity levels of
Indonesian adults. Because of the current lack of valid and reliable self-report
instruments for assessing physical activity level, one of the aims of this study was to
develop an Indonesian version of the IPAQ to be applied to Indonesian adults.
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Limitations of IPAQ include difficulties in defining moderate and vigorous activity by
respondents and the likelihood of over-estimating, as commonly occurs in self-
report measures (Vandelanotte et al., 2005), or under-estimating (Maddison et al.,
2007).
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CHAPTER 3: ASSESSMENT OF ANTHROPOMETRY AND BODY
COMPOSITION AND DEVELOPMENT OF PREDICTION
EQUATIONS TO ESTIMATE BODY COMPOSITION
This chapter presents the characteristics and assessment of anthropometric and
body composition of Indonesian adults in three sections. The first section describes
anthropometry and body composition as well as their application for the
determination of obesity. The next section describes the development and cross-
validation of the anthropometric prediction equation. Finally, the development and
cross-validation of the BIA prediction equation is presented in the last section.
3.1 ASSESSMENT OF ANTHROPOMETRY AND BODY COMPOSITION
3.1.1 Introduction
Anthropometry is widely used in health assessment and is applicable in both clinical
and field settings because instruments are portable, inexpensive, and procedures
are relatively simple, non-invasive and not time consuming. One of the objectives
for the use of anthropometric measures as described in the World Health
Organization (WHO) Technical Report (WHO, 1995) is to identify individuals and
populations at health risk. Numerous studies have addressed associations between
anthropometry and health problems related to obesity, including cardiovascular
disease and metabolic syndrome (Flint et al., 2010; Hotchkiss & Leyland, 2011; Li &
McDermott, 2010; Misra & Khurana, 2011). However, the associations differ across
age, gender, and ethnicity, which suggest the importance of age-, gender- and
ethnic-specific cut-off points (Flint et al., 2010; Gandhehari et al., 2009; Hotchkiss
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and Leyland, 2011). In addition, South Asians have been reported to be at higher
risk of developing these types of conditions as compared to Caucasians of similar
size and shape (Lear, Toma, Birmingham & Frohlich, 2003; Misra & Khurana, 2011;
Misra et al., 2006). To date, only a small number of studies have reported on the
anthropometric characteristics of Indonesians. Providing comprehensive data on
anthropometry of Indonesian adults was therefore one of the objectives of the
present study.
Anthropometry is one of the methods commonly used to predict body composition,
which is an important indicator of nutritional status. Existing studies have tried to
explain the relationships between anthropometric measures and body composition
Understanding these relationships will assist in determining cut-off values that may
be useful for obesity screening in the clinical setting. Waist circumference (WC)
(Chen, Rennie, Cormier & Dosman, 2007; Misra & Khurana, 2011), waist-to-hip ratio
(WHR) (Li & McDermott, 2010; Qiao & Nyamdorj, 2010), waist-to-stature ratio
(WSR) (Mellati et al., 2009; Qiao & Nyamdorj, 2010b; Taylor et al., 2010), body mass
index (BMI) (Bhansali, Nagaprasad, Agarwal, Dutta & Bhadada, 2006; Lee, Colagiuri,
Ezzati & Woodward, 2011; Okorodudu et al., 2010; Wen et al., 2009), and skinfold
thickness (Kagawa et al., 2010) are anthropometric indices that have been
extensively used to determine obesity. So far, little information is available
concerning the relationship between anthropometry and body composition for the
Indonesian population. Gurrici et al. (1998, 1998) reported the relationship
between BMI and %BF among Indonesian populations, however, information
regarding the association of anthropometric measures with %BF, and whether some
anthropometric measures have a better relationship than others, particularly
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among the Indonesian adult population, was not acknowledged to any great
degree. Therefore, this study aimed to explore the characteristics and associations
of anthropometric and body composition in Indonesian adults to provide more
knowledge and understanding regarding the usefulness of these measures.
The objectives of this study were:
1) To provide new knowledge on the anthropometry and body composition
characteristics of Indonesian adults.
2) To explore the relationship between BMI and other anthropometric indices and
%BF in Indonesian population; and
3) To examine the application of the relationship between BMI and other
anthropometric indices and %BF for the determination of obesity for
Indonesian adults.
3.1.2 Methodology
3.1.2.1 Participants
Participants were recruited from Yogyakarta Special District, Indonesia. The inclusion
criteria were: 1) adults aged 18–65 years who agreed to participate in this study; 2)
Javanese; and 3) in good health. Adults who had physical disabilities or cognitive
impairments, were under medical treatment or any medications, were involved in
weight reducing programs or dieting, and pregnant women, were excluded from the
study.
Javanese ethnicity was taken as a criterion of participants as it represents the largest
ethnicity among more than 500 ethnicities in Indonesia (Nuh, 2011) and constitutes
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approximately 41.7% of the population ("Java," 2012). Figure 3.1 shows the location of
Yogyakarta Special District in the centre of Java Island. Java Island is the fourth largest
island in Indonesia among more than 17,000 islands (Nuh, 2011) but contains more
than half of Indonesia’s population with an average of 2,600 persons per square mile of
population density ("Java," 2012). Despite the large number of ethnic groups in
Indonesia, the differences between ethnic groups in terms of biological diversity may
not be as pronounced as the cultural diversity as basically there are only two main races
present, Mongoloid and Australomelanesid. Historically, the Mongoloid characteristics
were strong in West and North Indonesia, whereas the Australomelanosoid were
distributed in East and South Indonesia. Both races interacted and brought about
cultural diversity in Bali (Putra, Hakim & Wicaksono, 2012). Javanese ethnicity is of the
Mongolian race and represents the largest ethnic groups of Indonesians. Hence, in term
of biological traits, Javanese may represent the majority of Indonesians. However,
culturally, Indonesia comprises hundreds and may be up to one thousand ethnic and
sub-ethnic groups (Nuh, 2011) with diversity in language, habit, food, activities, and
cultural performance.
The Indonesian population is approximately 238 million, with a gender ratio of 1.01.
The largest population inhabiting Java Island is Javanese who are spread across East
and Central Java, including Yogyakarta. The total population of Yogyakarta in 2010 was
approximately 3.5 million, with a gender ratio of 0.97, and 97% of the population are
Javanese (http://www.pemda-diy.go.id). As one of the more industrially developed
areas in Indonesia, Yogyakarta has a high Human Development Index (HDI), which is a
composite statistic of life expectancy, education, and income indices. In 2010, the HDI
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for Yogyakarta was as high as 76, which makes it the highest amongst the provinces in
East and Central Java (Statistics Indonesia, 2012). The national daily energy
consumption per-capita in 2007 was 1,735.5 kcal and daily protein consumption per-
capita was 55.5 grams (Ministry of Health Republic of Indonesia, 2007). Carbohydrate is
the main energy intake source, of which the majority comes from rice. However, it has
been suggested that the increased income in certain groups particularly in urban areas
has influenced lifestyle and food consumption towards a diet low in carbohydrates and
fibre but high in fat (Medawati et al., 2005).
(Taken from http://petacitra.blogspot.com)
Figure 3.1.1 Location of data collection, Yogyakarta Special District
Sample size was determined using the formula of (Whitley & Ball, 2002) and
calculated based on a difference in mean with equal sized groups, with an equation
of: n = (2/d2) x Cp,power, where n is sample size, d is standardized difference (equal to
target difference divided by standard deviation), and C is a constant defined by P
value and power (in this study p = 0.05 and power = 95%, giving values for C = 13).
Standard deviation was taken from a previous study (Hastuti, 2003). The calculation
resulted in a sample size of 295 participants for each gender.
YOGYAKARTA
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Participants were recruited using a semi-stratified random sampling procedure. A
total of 605 eligible participants were recruited from four sub-districts in Yogyakarta
Special District (Bantul, Gunungkidul, Kulonprogo, and Sleman Regencies) and Gadjah
Mada University. Five participants were excluded: one due to failure to collect a urine
sample required for a body composition assessment, another because of sickness, two
others had unexpected duties and could not participate, and the final one was in a
middle of a menstrual cycle. As a result, the final sample for this study was 600
participants (292 males and 308 females) aged 18–65 years, who were then divided
into three age groups: 18–30, 31–45, and 46–65 years (Table 3.1.1).
Table 3.1.1 Distribution of participants by age group
Age group Total Χ218–30 years 31–45 years 46–65 years
Males 88 (30.1%) 115 (39.4%) 89 (30.5%) 292 (100.0%) p = 0.945Females 89 (28.9%) 123 (39.9%) 96 (31.2%) 308 (100.0%)
Data regarding education and occupation were also collected from participants.
Education was differentiated into none (no experience of any stage of formal
education), basic education (primary and secondary school), and higher education (high
school, college, and university). Occupation was categorized into none (unemployed,
house wives), employee (e.g. employees of government and private organizations or
businesses), and not employee (e.g. labourers, merchants, farmers).
The protocol of the study was approved by the Human Research Ethical Committee of
Queensland University of Technology, Australia and Gadjah Mada University, Indonesia.
Informed consent forms were obtained from all participants.
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3.1.2.2 Anthropometric Measurement
Anthropometric Measures
Stature, body weight, eight skinfolds (triceps, subscapular, biceps, iliac crest,
supraspinale, abdominal, front thigh, and medial calf), five girths (arm [relaxed],
arm [flexed and tensed], minimum waist, gluteal, and maximum calf), and four
breadths (biacromial, biiliocristal, humerus, and femur) were measured. Stature was
taken using a microtoise (Johnson and Johnson Co. Ltd.) to the nearest 0.1 cm. Body
weight was measured with the participant wearing light clothing with a Seca weight
scale (Seca 803, Seca Deutschland) to the nearest 0.1 kg. Breadth measurements
were taken using sliding callipers (GPM Swiss). Girths were measured using an
anthropometric tape (Holtain Rinehart Co. Ltd.). All measurements followed the
standard protocol of the ISAK (International Society for the Advancement of
Kinanthropometry, 2006). For details of the measurement procedures see Appendix
1.
Anthropometric Indices
Based on anthropometry, selected anthropometric indices such as BMI, WHR, WSR,
acromio-iliac indices were calculated from the anthropometric measures including
using the following formulae:
BMI = weight (kg)stature (m)^2 x 100
WHR = waist girth (cm)gluteal girth (cm)
WSR = waist girth (cm)stature (cm)
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Acromio-iliac index = biacromial breadth (cm)biiliocristal breadth (cm) x 100
Obesity Classifications
Obesity prevalence in the current study was defined from the overweight and obese
categories for BMI classification and was determined using classifications based on
BMI, WC, WHR, WSR and %BF. Details of the BMI classifications are presented in
Table 3.1.2. The BMI cut-off points used were those recommended by the Ministry
of Health Republic of Indonesia (Supariasa, Bakri & Fajar, 2001) which had a similar
cut-off for determination of overweight to the WHO International BMI cut-off, i.e.
BMI ≥25 kg/m2. The difference between these two categories is in the cut-off points
for obese, which the Indonesian Ministry of Health specifies as a BMI ≥27.0 kg/m2
and WHO specifies in the international category a BMI ≥30.0 kg/m2 (World Health
Organization, 1995, 2012b). In addition, the WHO cut-off point modified for Asians
(World Health Organization Expert Consultation, 2004) which recommends a BMI
≥23 kg/m2 as overweight (including obese) was used.
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Table 3.1.2 Obesity classification
Complete Dichotomous
Category Limit Category Limit
BMI1 Severe underweight <17 Normal < 25
Mild underweight 17.0 – 18.4 Obese ≥ 25
Normal 18.5 – 24.9
Mild overweight 25.0 – 27.0
Severe overweight > 27
BMI2 Normal < 23.0 Normal < 23.0
Overweight 23.0 – 24.9 Obese ≥ 23.0
Obese 27.5 – 32.4
%BF3
Males Normal < 25.0 Normal < 25.0
High 25.0 - 30.0 Obese > 25.0
Very high > 30.0
Females Normal > 35.0 Normal < 35.0
High 35.0 – 45.0 Obese > 35.0
Very high > 45.0
WC (IDF)4
Males Obese ≥ 90.0
Females Obese ≥ 80.0
WHR (WHO for Asia)2
Males Obese > 0.89
Females Obese > 0.81
WSR (Asians)5
Males, females Obese ≥ 0.50
WSR (Asians)6
Males Obese ≥ 0.51
Females Obese ≥ 0.53
Notes: 1: BMI cut-off points for overweight for Indonesian (Ministry of Health Republic of Indonesia, 1994 in Supariasa
et al., 2001), similar toWHO international BMI cut-off points for overweight category (WHO, 1995, 2012); 2: WHO BMI
cut-off points for Asians (WHO, 1997, 2004); 3: BF category for obesity was defined according to WHO criteria (WHO,
1995); 4: WC category for obesity was determined from International Diabetes Federation (IDF); 5: WSR category
recommended for Asians (Hsieh et al., 1995a,b); 6: WSR category recommended for Asians (Liu et al., 2011).
3.1.2.3 Technical Error of Measurement for Anthropometry
Technical error of measurement (TEM) was calculated for the first 20 male and 20
female participants (Table 3.1.3). TEM was converted to a relative TEM (%TEM) to
simplify the comparison of TEMs collected on different variables (Ulijaszek & Kerr,
1999). ISAK indicated that an intra-observer TEM of below 7.5% for skinfolds and 1.5%
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for other measurements for level one anthropometrists is acceptable (Gore et al.,
2009). All measures taken for TEM in the current study were within target TEM values.
Table 3.1.3 Percent TEM of anthropometry
Males
(%)
Females
(%)
Body mass 0.28 0.20
Stature 0.09 0.10
Skinfolds Triceps 1.35 0.88
Subscapular 0.77 0.71
Biceps 2.00 1.53
Iliac crest 1.18 0.64
Supraspinale 1.47 1.09
Abdominal 0.64 0.44
Front thigh 0.88 0.96
Medial calf 1.22 0.96
Girths Arm (relaxed) 0.29 0.34
Arm (flexed and tensed) 0.27 0.32
Waist 0.13 0.13
Gluteal 0.13 0.16
Calf 0.18 0.21
Breadth Biacromial 0.32 0.33
Biiliocristal 0.38 0.38
Humerus 0.46 0.46
Femur 0.69 0.25
3.1.2.4 Body CompositionMeasurement
Deuterium Oxide Dilution Technique
Total body water was measured using the deuterium oxide (D2O) dilution technique
as a reference technique. An isotope ratio mass spectrometry (IRMS-Hydra 20-20
SerCon Mass Spectrometry) was used to analyse the urine samples and
subsequently determine TBW and calculate FFM and FM.
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Preparation of 10% solution
A solution of 99.9% concentration Deuterium Oxide (D2O) was diluted to a 10%
solution. A 100 mL 99.9% D2O was poured into a 1000 mL volumetric flask and tap
water added to reach a 1000 mL solution. The solution was poured into a Schott
bottle and sterilized in an autoclave at 120oC for 10 minutes. The solution was
cooled and labelled with: deuterium oxide, 10% solution, date of preparation and
dose number and then stored in fridge or at room temperature.
Administration of Deuterium Oxide
A 10 mL sample of urine was collected from each participant as a pre-dose sample
for determining the basal deuterium level in the body. A 10% deuterium solution
based on the participant’s body weight (0.5 g/kg body weight) was given orally to
each participant. A second 10 mL urine sample was collected after 6 hours from the
time of administration of the deuterium solution as a post-dose sample. Urine
samples collected in screw-cap bottles were labelled with participant’s ID, name,
time of collection, and dose number before being stored in the fridge. The time of
each sample collection and the administration of the deuterium solution as well as
participant’s body weight, ID, and dose number were recorded.
Storage and Analysis of Urine Samples
Deuterium isotope level in urine samples was measured and resulted in TBW which
was calculated using the equation (International Atomic Energy Agency Human
Health Series No 3, 2009):
TBW (kg) = ( / ) ( ). ) - (2 x cumulative urine loss)
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Where:
W = Total weight of water added when making the dose dilution (g);
A = Weight of dose taken by the participant (g);
a = Weight of dose in diluted dose (g);
ZDD = Enrichment of 2H in the diluted dose (ppm excess 2H);
ZBW = Enrichment 2H in body water (ppm excess 2H).
FFM and FM were calculated using the following equations with the hydration
coefficient for adults set to 0.732, based on the classic work of Pace and Rathbun
(1945) (Heyward & Wagner, 2004; International Atomic Energy Agency Human
Health Series No 3, 2009):
FFM (kg) = TBW (kg)0.732
%BF = body weight - (
TBW
0.732)
BM x 100
3.1.2.5 Statistical Analysis
Mean and standard deviation of anthropometry and body composition of
participants are presented in the descriptive statistics. A two-way analysis of
variance (ANOVA) was performed to examine the effect of gender, age, and the
interaction of gender and age on anthropometric and body composition
measurement. Chi-square testing was performed to find differences in category
distribution of the anthropometric index and %BF between males and females.
Misclassification between %BF and BMI category for obesity was identified using
cross-tabulation analysis including comparison of the prevalence of obesity, false
positive (normal-weight people identified as obese) and false negative (obese
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people identified as normal weight). Sensitivity and specificity were calculated to
evaluate the accuracy of BMI, WC, WHR, and WSR classifications in the
determination of obesity.
A receiver-operating characteristic (ROC) curve was performed to select the best cut-off
value of the BMI, WC, WHR, and WSR as a screening tool for obesity defined by %BF in
males and females. The ROC curve is a plot of the sensitivity (true positive rates) against
1-specificity (false positive rate) for each anthropometric index. The area under the
curve (AUC) is an indicator of how precise an anthropometric index can distinguish a
positive outcome. The AUC value can be between 0 and 1, with 0.5 (diagonal line)
demonstrating that the anthropometric index has no predictive performance and 1
indicating ideal performance. The optimal cut-off value for each anthropometric index
(BMI, WC, WHR, and WSR) was determined by the value of the largest sum of
sensitivity and specificity. All statistical analyses were conducted using the SPSS
program (version 19, SPSS Inc., 2010, Chicago, IL) and significance was determined with
p<0.05.
3.1.3 Results
3.1.3.1 Assessment of Anthropometry and Body Composition of Indonesian Adults
The average age and anthropometric characteristics of participants are presented in
Table 3.1.4. Significant gender differences were observed in most of the
anthropometric measurements except upper arm girth relaxed (p = 0.125). Males
were 12 cm (p<0.001) taller and 6.5 kg (p<0.001) heavier than females. Upper arm
relaxed (p<0.001), flexed and tensed (p<0.001), waist (p<0.001), and calf girth (p =
0.002) were significantly greater in males than females. Gluteal girth (p<0.001),
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biiliocristal breadth (p = 0.006), sum of eight skinfolds (p<0.001), BMI (p = 0.01),
WSR (p = 0.007), and acromio-iliac index (p<0.001) were greater in females than in
males.
Table 3.1.4 Anthropometric characteristics of participants
Males
Mean ± SD
Females
Mean ± SD
ANOVA (p)
Gender Age Gender * Age
N 292 308
Age (years) 38.8 ± 11.8 39.3 ± 11.0 0.588
Stature (cm) 165.2 ± 6.5 153.1 ± 5.3 < 0.001 < 0.001 0.279
Body weight (kg) 59.1 ± 10.6 52.5 ± 9.6 < 0.001 0.022 0.227
Upper arm girth, relaxed (cm) 29.3 ± 3.1 28.9 ± 3.8 0.082 < 0.001 0.044
Upper arm girth, flexed (cm) 31.2 ± 3.1 30.1 ± 3.8 < 0.001 < 0.001 0.019
Waist girth (cm) 75.7 ± 8.6 72.0 ± 8.8 < 0.001 < 0.001 0.531
Gluteal girth (cm) 90.8 ± 6.9 92.7 ± 7.5 < 0.001 0.107 0.860
Calf girth (cm) 34.8 ± 3.1 33.9 ± 3.6 0.002 0.061 0.569
Biacromial breadth (cm) 37.7 ± 2.1 33.9 ± 1.6 < 0.001 0.004 0.399
Biiliocristal breadth (cm) 27.4 ± 2.0 27.8 ± 1.8 0.010 < 0.001 0.625
Humerus breadth (cm) 6.9 ± 0.4 6.1 ± 0.4 < 0.001 < 0.001 0.060
Femur breadth (cm) 9.3 ± 0.5 8.8 ± 0.6 < 0.001 0.912 0.410
Sum of 4 skinfolds (mm)# 47.2 ± 24.6 69.5 ± 27.9 < 0.001 0.616 0.108
Sum of 8 skinfolds (mm)## 89.4 ± 45.6 138.6 ± 51.2 < 0.001 0.591 0.092
BMI (kg/m2) 21.6 ± 3.5 22.4 ± 3.8 0.011 < 0.001 0.408
WHR 0.84 ± 0.05 0.78 ± 0.06 < 0.001 < 0.001 0.573
WSR 0.46 ± 0.05 0.47 ± 0.06 0.008 < 0.001 0.703
Acromio-iliac index 72.8 ± 5.4 82.0 ± 4.9 < 0.001 < 0.001 0.715
Notes: #: sum of skinfold thicknesses at biceps, triceps, subscapular, iliac crest; ##: sum of skinfold thicknesses
at biceps, triceps, subscapular, iliac crest, supraspinale, abdominal, front thigh, and medial calf; BMI: body mass
index; WHR: waist-to-hip ratio; WSR: waist-to-stature ratio; significant at the 0.05 level
Analysis of variance also indicated that stature, body weight, upper arm (relaxed
and flexed), waist girth, biiliocristal, humerus breadth, and all anthropometric
indices differed significantly among age groups. However, there was no significant
interaction between the effect of gender and age on most of the anthropometric
measures, except for upper arm girth relaxed and flexed at p<0.05 (Table 3.1.4).
Table 3.1.5 presents TBW, FFM, and %BF in kilograms and percentage units in males
and females. Significant differences between genders were observed in all of the
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measures (p<0.001). Males were about 8 kg or 9% higher TBW and 10 kg or 12%
higher FFM, but about 4 kg or 12% lower BF compared to females. However, there
were no significant differences among age groups as well as the interaction
between gender and age groups.
Table 3.1.5 Body composition of participants
Males
Mean ± SD
Females
Mean ± SD
ANOVA (p)
Gender Age Gender * Age
TBW (kg) 33.6 ± 4.4 25.3 ± 3.5 < 0.001 0.094 0.116
FFM (kg) 46.0 ± 6.0 34.6 ± 4.7 < 0.001 0.094 0.116
BF (kg) 13.1 ± 6.4 18.0 ± 6.6 < 0.001 0.139 0.245
%TBW 57.4 ± 5.1 48.7 ± 5.6 < 0.001 0.254 0.612
%FFM 78.6 ± 7.0 66.7 ± 7.7 < 0.001 0.254 0.612
%BF 21.4 ± 7.0 33.3 ± 7.7 < 0.001 0.254 0.612
3.1.3.2 Application of BMI and %BF for Obesity Determination in Indonesian Adults
Percentage BF gradually increased with an increase in BMI irrespective of gender.
Females clearly showed higher levels of body fat at the given BMI compared with
males.
Figure 3.1.2 Scatter plots of %BF against BMI in males and females
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Differences in obesity prevalence among several obesity categories as displayed in
Table 3.1.6 showed all were significantly different between category and gender
(p<0.001). In males, 30.0% were obese according to %BF category while only half of
these (14.0%) were reported as being obese in the BMI category. Females showed a
more critical level of obesity according to %BF category, in which nearly half of
them (46.4%) were considered obese, whereas using a BMI category about a
quarter of the females were considered obese. Compared to the BMI category
recommended by the Department of Health Republic Indonesia (Supariasa et al.,
2001), BMI cut-offs for increased risk for Asian populations provided a greater
prevalence of individuals who were obese. The lowest prevalence of obesity was
obtained by the waist girth category which indicated 5.8% of males and 17.9% of
females were obese.
Table 3.1.6 Comparison of prevalence of obesity using %BF and different categories
of BMI
Males
N (%)1
Females
N (%)1 χ
2 P
%BF category
Normal 203 (70.0) 164 (53.6) 16.937 < 0.001
Obese2 87 (30.0) 142 (46.4)
BMI category (Indonesia)
Normal 251 (86.0) 229 (74.4) 12.624 < 0.001
Obese3 41 (14.0) 79 (25.6)
BMI category (Asia)
Normal 210 (71.9) 180 (58.4) 11.966 0.001
Obese4 82 (28.1) 128 (41.6)
Waist girth category
Normal 275 (94.2) 253 (82.1) 20.560 < 0.001
Obese5 17 (5.8) 55 (17.9)
Note: 1) Percentage was calculated for category for each gender; cut-off points for obese were: 2) %BF ≥25.0 for
males and %BF ≥35.0 for females; 3) BMI ≥25.0 kg/m2; 4) BMI ≥23.0; 5) WC ≥90.0 cm for males and WC ≥80.0
cm for females
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Misclassifications between BMI and %BF category are displayed in Figure 3.1.3,
where 12.2% of males and 7.6% of females defined as obese using BMI had a
normal %BF. On the other hand, 30.4% of females defined as normal weight using
the BMI category were actually obese according to the %BF category, greater than
males (20.5%).
Figure 3.1.3 Prevalence of normal-weight and obese individuals in males and females
Table 3.1.7 presents the false positives and false negatives for obesity using BMI
and waist girth classifications against the %BF category as a reference. Percentage
body fat of >25% in males and >35% in females was regarded as high body fat
content (WHO, 1995). Prevalence of false positives was the highest when using WC
classification (71 males and 92 females). However, as many as 51 males and 69
females with high %BF were incorrectly identified as normal-weight category using
BMI WHO/Indonesia category. The lowest prevalence of false positives was
obtained in the BMI of the Asia category in which 28 males and 41 females were
recognized as having normal weight despite their high %BF. However, this category
also resulted in the highest prevalence of false negatives in which 23 obese males
and 27 obese females actually had normal body fatness. The BMI category by the
79.5%
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WHO/Indonesia and waist girth categories for obesity showed a low false negative
for obesity prevalence, i.e. 5 males and 6 females respectively and 1 male and 5
females respectively.
Table 3.1.7 Prevalence of false positive and false negative obesity of BMI and WC
categories for obesity against %BF category as a reference
Males Females
Normal
N
Obese
N
Normal
N
Obese
N
BMI (Indonesians) Normal 198 51 158 69
Obese 5 36 6 73
BMI (Asians) Normal 180 28 137 41
Obese 23 59 27 101
WC Normal 202 71 159 92
obese 1 16 5 50
WHR Normal 194 56 144 86
Obese 9 31 20 56
WSR1 Normal 189 33 146 59
Obese 14 54 18 83
WSR2 Normal 196 38 158 91
Obese 7 49 6 51
Notes: numbers in italics are the prevalence (N) of false positive obesity; numbers in bold are the prevalence
(N) of false negative obesity
Sensitivity and specificity of BMI and waist girth categories for obesity toward %BF
obesity category are performed in Table 3.1.8. Regardless of gender, waist girth
confirmed the highest rate of normal-weight BMI who were correctly identified as
normal-weight by %BF, i.e. 99.5% in males and 97.0% in females. However, only
18.4% of obese males and 35.2% of obese females were correctly classified as obese
using this classification. BMI category for obesity as recommended by Indonesia was
nearly as appropriate as waist girth category for obesity in identifying normal-
weight category and was able to correctly identify obese individuals (41.4% in males
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and 51.4% in females). The WHO BMI cut-off point recommended for Asians
showed the highest ability to correctly identify obese individuals (67.8% in males,
71.1% in females), but had the least ability to properly identify normal-weight
individuals.
Table 3.1.8 Sensitivity and specificity of some anthropometric categories for obesity
Males Females
Sensitivity
%
Specificity
%
Sensitivity
%
Specificity
%
BMI 1 41.4 97.5 51.4 96.3
BMI 2 67.8 88.7 71.1 83.5
WC 18.4 99.5 35.2 97.0
WHR 35.6 95.6 39.4 87.8
WSR1 62.1 93.1 58.5 89.0
WSR2 56.3 96.6 35.9 96.3
Notes: BMI1: BMI cut-off point for Indonesians (Department of Health Republic Indonesia, 1994); BMI2:WHO BMI cut-
off point recommended for Asian (WHO, 1997, 2004); WC category for obesity was determined as used in the national
health survey by the Ministry of Health of Republic Indonesia (2007) followed classification from International
Diabetes Federation (IDF); WSR1: category recommended for Asians (Hsieh et al., 1995a,b); WSR2: category
recommended for Asians (Liu et al., 2011).
Figures 3.1.4 and 3.1.5 illustrate the receiver operating characteristic (ROC) curves for
BMI, WC, WHR, and WSR in males and females respectively. Among the
anthropometric indices, WC seems to be the best indicator of %BF in both genders as
shown in the widest the ROC area. In comparison, WHR shows the poorest indicator of
%BF as it appears to have the smallest area under the ROC curve. The values of the AUC
for all of the anthropometric indices can be seen in Table 3.1.8. The optimal cut-offs for
determination of overweight or obesity by %BF in males in the present study,
therefore, were 21.9 kg/m2, 76.8 cm, 0.86, and 0.48 for BMI, WC, WHR, and WSR
respectively; in females, the values were 23.6 kg/m2, 71.7 cm, 0.77, and 0.47
respectively (Table 3.1.8). These new cut-off values increase the sensitivity of the BMI,
WC, WHR, and WSR in males to reach 83.9%, 88.5%, 66.7%, and 79.3% respectively. In
107
females, the sensitivity of the anthropometric indices increases to 90.2%, 81.0%, 71.1%,
and 73.3% for BMI, WC, WHR, and WSR respectively. The most significant increase
appears in WC which the sensitivity is fourfold in males and more than twofold in
females.
Figure 3.1.4 Receiver operating characteristic (ROC) curves for anthropometric
indices in males
108
Figure 3.1.5 Receiver operating characteristic (ROC) curves for anthropometric
indices in females
Table 3.1.9 Optimal cut-off, sensitivity, specificity, SEE, and area under the ROC
curves for anthropometric indices in predicting %BF in males and females
Cut-off Sensitivity Specificity SEE Area 95% CI
Males
BMI 21.9 83.9 76.8 0.023 0.878 0.833 – 0.923
WC 76.8 88.5 81.8 0.021 0.902 0.861 – 0.943
WHR 0.86 66.7 78.3 0.029 0.797 0.741 – 0.854
WSR 0.48 79.3 88.2 0.021 0.896 0.854 – 0.938
Females
BMI 23.6 67.6 90.2 0.021 0.866 0.826 – 0.906
WC 71.7 81.0 78.7 0.021 0.860 0.820 – 0.901
WHR 0.77 71.1 61.0 0.030 0.707 0.648 – 0.765
WSR 0.47 73.9 79.3 0.022 0.840 0.797 – 0.883
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Table 3.1.10 Anthropometry and body composition of Indonesian adult males in
previous studies
The current
study
Küpper et
al. (1998)1
Gurrici et
al. (1998)2
Gurrici et
al. (1999)3
Dierkes et
al. (1993)4
Caucasians5
(Gurrici et al.,
1998)5
N 292 18 59 59 29 64
Age (y) 38.8 ± 11.8 28.1 ± 6.6 41.0 ± 7.0 34.0 ± 10.1 19.9 ± 1.1 40.0 ± 8.0
Body weight (kg) 59.0 ± 10.6 60.4 ± 9.2 65.4 ± 10.3 61.4 ± 9.3 57.2 ± 9.5 85.0 ± 12.8
Stature (cm) 165.2 ± 6.5 168.0±5.0 164.0 ± 6.0 164.8 ± 5.6 164.0 ± 7.0 180.0 ± 7.0
BMI 21.6 ± 3.5 21.4 ± 3.0 24.0 ± 3.3 22.6 ± 3.1 21.0 ± 2.4 26.2 ± 3.6
Body fat (%) 21.4 ± 7.0 a 19.4 ± 5.4b 28.3 ± 6.2a 24.6 ± 7.0a 12.8 ± 3.7c 26.5 ± 7.6 a
Sum of 4 skinfolds
(mm)
47.2 ± 24.6 44.6 ±19.8 53.0 ± 21.4 32.3 ± 12.2
Waist girth (cm) 75.7 ± 8.6 80.5 ± 9.0
Gluteal girth (cm) 90.8 ± 6.9 90.5 ± 6.5
Notes: 1. Adult population living in Jakarta (the capital of Indonesia); 2: adult population living in Palembang,
South Sumatra; 3: adult population living in Depok, South Jakarta; 3: student population living in Padang, West
Sumatra; 5: adult population living in Wagenigen, Dutch; a: %BF obtained from deuterium dilution technique; b:
%BF obtained from a three-compartment model; c: %BF obtained from skinfold prediction equation
Tables 3.1.10 and 11 present the differences in anthropometric measures and %BF
of Indonesian adults in this study and selected previous studies. Body weight,
stature, and BMI in our samples were comparable with those in previous studies.
Percentage BF was comparable to those of Kϋpper et al. (1998), lower than those of
Gurrici et al. (1998, 1999), and higher than for Dierkes et al. (1993). Compared to
Caucasians (Gurrici et al., 1998), Indonesian females of the current study showed
lower BMI, but similar %BF. However, the trend was not observed in males, since
Caucasians had greater both BMI and %BF.
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Table 3.1.11 Anthropometry and body composition of Indonesian adult females in
previous studies
The current
study
Küpper et
al. (1998)1
Gurrici et
al. (1998)2
Gurrici et
al. (1999)3
Dierkes et
al. (1993)4
Caucasians5
(Gurrici et
al., 1998)5
N 308 23 51 58 17 42
Age (y) 39.3 ± 11.0 21.2 ± 2.9 35.0 ± 9.0 30.6 ± 10.0 19.9 ± 0.8 34.0 ± 8.0
Body weight (kg) 52.5 ± 9.6 50.4 ± 9.5 52.7 ± 11.1 52.3 ± 8.0 47.9 ± 6.4 68.0 ± 12.6
Stature (cm) 153.1 ± 5.3 154.0 ± 5.0 153.0 ± 5.0 154.3 ± 5.3 153.0 ± 6.0 167.0 ± 5.0
BMI 22.4 ± 3.8 21.1 ± 3.0 22.7 ± 4.7 21.9 ± 2.7 20.2 ± 1.7 24.4 ± 4.9
Body fat (%) 33.3 ± 7.7a 33.6 ± 4.8b 36.0 ± 6.4 a 35.6 ± 5.6 a 25.3 ± 2.8c 33.2 ± 9.2a
Sum of 4 skinfolds
(mm)
69.5 ± 27.9 66.7 ±20.9 69.4 ± 19.7 45.3 ± 9.3
Waist girth (cm) 72.0 ± 8.8 77.0 ± 8.1
Gluteal girth (cm) 92.7 ± 7.5 91.0 ± 5.6
Notes: 1. Adult population living in Jakarta (the capital of Indonesia); 2: adult population living in Palembang,
South Sumatra; 3: adult population living in Depok, South Jakarta; 3: student population living in Padang, West
Sumatra; 5: adult population living in Wagenigen, Dutch; a: %BF obtained from deuterium dilution technique; b:
%BF obtained from a three-compartment model; c: %BF obtained from skinfold prediction equation
3.1.4 Discussion
The present study showed that the anthropometric characteristics of Indonesian
adults were comparable with those of previous studies (Dierkes, Schultink, Gross,
Praestowo & Pietrzik, 1993; Gurrici et al., 1998, 1999a; Hastuti, 2009; Küpper et al.,
1998). Compared to other Asians, for example Japanese (Kagawa, Kuroiwa, et al.,
2007) and Chinese (Lu et al., 2011), Indonesians in the present study were shorter
and lighter, had comparable BMI but, in agreement with Gurrici et al. (1998, 1999),
had higher %BF. Most anthropometric measures differed significantly between
males and females and some measures varied across age, except gluteal and calf
girths, femur breadth, and total skinfolds. However, there were no significant
interactions between gender and age in the anthropometric variation.
Anthropometric measures and body composition changed across age and gender,
consistent with some previous studies (Baumgartner, 2005; Heyward & Wagner,
2004; Shephard, 2005).
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The average stature and body weight of participants were 165.2 ± 6.5 cm and 59.0 ±
10.6 kg in males and 153.1 ± 5.3 cm and 52.5 ± 9.6 kg in females, comparable to
those of Kϋpper et al. (1998) and Gurrici et al. (1998, 1999), and indicating no major
discrepancy in size and shape across these years. Small differences are possibly due
to variations related to different demographic factors such as ethnicity and socio-
economic levels rather than a secular change.
There were significant between gender differences in body composition measures
(TBW, FFM, and FM) however, neither age nor interaction between age and gender
made a significant contribution. Little difference in %BF in relation to BMI existed
between the current study and those previously reported. While the average BMI in
the current study was very similar to that reported by Kϋpper et al. (1998) and
Gurrici et al. (1999), the %BF was higher (21.4 ± 7.0 % in males and 33.3 ± 7.7 % in
females) compared with Kϋpper et al. (1998), but lower compared to Gurrici et al.
(1998, 1999). These results suggest that variations may occur in %BF within
Indonesian populations consistent with studies which reported different
relationships between %BF and BMI among different ethnicities and races
(Deurenberg et al., 2002; Deurenberg et al., 2000; Gurrici et al., 1998; Rush et al.,
2009; Rush et al., 2007). It should be noted that the smaller sample sizes in previous
studies may account for the differences.
Our findings indicated that approximately 20% of normal-weight males and 30% of
females (according to BMI) had high or very high body fat. On the other hand,
approximately 10% of individuals with normal %BF were identified as obese by BMI.
Both types of individuals may potentially have health risks without being
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recognized. Normal-weight individuals with a high %BF may be threatened by
similar health problems as the obese, while those who were obese according to BMI
classification but with a normal %BF may engage in behaviours that may put them
at health risk if they attempted to lose weight.
Our results indicated that the Indonesian and WHO international BMI classifications
could only identify overweight or obese individuals in about 50% of the sample
(41.4% of males and 51.4% females). The current study defined cut-off values of
BMI for the obese category including overweight as has been used by the Ministry
of Health, Republic of Indonesia (1994, 2007). Many studies have observed the
sensitivity and specificity of the BMI category for obesity. However, the use of
different obesity cut-off values for BMI and %BF made comparisons difficult. For
example, Chen et al. (2006) reported that the WHO BMI-obesity criterion (≥25
kg/m2) showed good sensitivity (75% and 71% respectively) compared with the %BF
obesity cut-off (≥40%) in Chinese females. Dudeja et al. (2001) reported in an Indian
population that the WHO BMI-obesity criterion (≥25 kg/m2) resulted in a sensitivity
of 34% and specificity of 97% when the %BF-obesity criterion of %BF used was ≥25%
for males and ≥ 30% for females. Another study by Ko (2001) in a Chinese
population, using cut-offs for %BF similar to the present study (%BF ≥25% in males
and ≥35% in females), reported a sensitivity of 90% and a specificity of 83.4% using
the BMI cut-offs of ≥23.8 kg/m2 in males and ≥24.2 kg/m2 in females for obesity.
This suggests that lowering the obesity criterion may improve the sensitivity and
specificity.
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Gurrici et al. (1998, 1999) have suggested lowering the BMI cut-off points for
obesity in Indonesia from 30 kg/m2 to 27 kg/m2 (WHO international category),
however, they did not propose cut-off points for overweight. Considering an
increase in sensitivity as high as 20%, the present study indicated that an
application of the BMI cut-offs proposed for Asians for public health action (BMI
≥23 kg/m2) may be more appropriate for obesity screening in the Indonesian
population compared to the WHO cut-off points for international use (BMI ≥25
kg/m2) which have been adopted national health surveys in Indonesia to date.
However, our study found that BMI ≥21.9 kg/m2 and BMI ≥23.6 kg/m2 were in fact
the optimum cut-off values for Indonesian males and females, respectively. These
new cut-off values increased the sensitivity up to 42% in males (to reach 83.9%) and
16% in females (to reach 67.6%) compared with the WHO international BMI cut-off
points.
The WC cut-offs for obesity as recommended by the IDF for Asians (WC ≥90 cm for
males and WC ≥80 cm for females), which have also been applied in the National
Health Survey in Indonesia, showed the poorest sensitivity (18.4% in males and
35.2% in females) among all the anthropometric indices. This is contrary to a study
reported by Vasudevan et al. (2010) in South Asian Indians which found that those
IDF WC cut-offs could identify approximately 75% of obese adults in that
population. Similarly, Misra and Khurana (2011) indicated that WC cut-offs for Asian
Indians as low as 90 cm in males and 80 cm in females were the most appropriate.
Other studies have proposed different cut-off values for WC however the values
vary across gender and ethnicity. Based on a large prospective cohort study
involving more than 69,000 US adults, Flint et al. (2010) reported that WC cut-off
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values of 84.0 cm in males and 71.0 cm in females may be useful in identifying
individuals at increased risk of developing CHD in the US. Zaher et al. (2009)
proposed that a WC cut-off value of 83 cm is appropriate for identifying increased
risk of NCD in Malaysian males and females. While, Liu et al. (2011) proposed WC
cut-off values for the Chinese population were 91.3 cm for males and 87.1 cm for
females (Liu, Byrne, et al., 2011).
Our data indicated that WC ≥76.8 cm in males and WC ≥71.7 cm in females were
the optimum cut-offs for identifying obesity or increased risk of NCD in Indonesian
adults. These cut-off values were close to those generated by Misra et al. (2006) for
Asian Indians, i.e. WC ≥78 cm for males and WC ≥72 cm for females. Results from
the present study indicated that WC is a better indicator of obesity in both males
and females in comparison with other anthropometric indices, as reflected in the
largest AUC (Figures 3.1.3 and 3.1.4) and the high sensitivity (Table 3.1.8). The new
proposed WC cut-offs can improve the sensitivity more than fourfold in males (to
88.5%) and more than twofold in females (to 81.0%). The specificity of this index,
however, was slightly lower compared to other indices but still approximately 80%.
This is consistent with other reports that WC may be a better indicator for obesity
(Xu, Wang, et al., 2010; Zaher et al., 2009). Individuals with high WC have been
reported to have more than a fivefold increased likelihood of multiple
cardiometabolic risk factors and over half the greater likelihood of having high CHD
risk status, even after adjusting for BMI in a US population (Ghandehari et al., 2009).
Research also indicated that those of South Asian origin have higher risk of
cardiovascular diseases than those of European origins at lower WC (Lear et al.,
2003). Our new WC cut-off values are of importance given that WC is regarded as
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highly related with abdominal obesity and that abdominal obesity is associated with
cardiovascular risk factors. However, given the association varies by ethnicity and is
independently associated with high CVD risk status, further validation of its clinical
significance is needed for its application to different ethnic groups.
Cut-off values for anthropometric indices of obesity may differ between countries.
This may be partly due to different ethnicities having different relationships
between anthropometric measures and body composition (Deurenberg et al., 2002;
Flegal, Carroll & Ogden, 2002; Gallagher et al., 1996; Molarius & Seidell, 1998).
Flegal et al. (2009) demonstrated BMI, WC, and WSR perform similarly as indicators
of body fatness measured with DXA in a large US population sample from the
National Health and Nutrition Examination Survey (NHANES). Furthermore,
evidence suggested that WHR was more strongly associated with the mortality
index than BMI (Yusuf et al., 2005). However, Taylor et al. (2010) demonstrated that
central adiposity measurements were positively associated with all-cause mortality
as was BMI, but only when those individuals with BMI less than 22.5 kg/m2 were
removed from the analysis, indicating that those adiposity measures could not
replace BMI in clinical or public health practice. Our findings indicated that previous
WHR categories were better than WC categories but not as good as BMI or WSR
categories. The new cut-offs for the WHR (WHR ≥0.86 for males and 0.77 for
females) can improve the sensitivity by about 30% to become 66.7% in males and
71.1% in females. However, AUC of this index in our study showed the poorest
ability to determine obesity classified by %BF compared to other anthropometric
indices.
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The available WSR classifications showed a higher sensitivity compared to the WHO
international BMI cut-off points but lower than the WHO BMI cut-offs modified for
Asians. WSR cut-off points for Asians defined by Hsieh and colleagues (Hsieh &
Yoshinaga, 1995a, 1995b) showed better results as compared to those defined by
Liu et al. (2011) in our participants. However, our new WSR cut-off values (WSR ≥
0.48 for males and WSR ≥0.47 for females) can improve the sensitivity of the index
up to 23% and 38% in males and females respectively to reach 79.3% in males and
73.9% in females. Findings of the current study are consistent with some previous
reports that WSR could better predict obesity health risk than WHR and BMI in
some populations (Li & McDermott, 2010; Xu, Wang, et al., 2010). However, our
study indicated WSR as a better predictor than BMI in females only, not in males.
The importance of our findings is that our newly proposed cut-off values of selected
anthropometric indices improve the sensitivity in determining obesity in Indonesian
adults. The strength of our study is the use of a reference method for determination
of body fatness. However, our study did not include an assessment of disease risk
factors associated with obesity, which may have different associations with each
anthropometric measure or index. Further research regarding the role of central
adiposity in disease outcomes is required to provide sufficient information
regarding these indices as obesity indicators.
In conclusion, anthropometric and body composition characteristics of Indonesian
adults in the present study were comparable with those previously reported by
some researchers. Despite the shorter and lighter body build, Indonesian adults
with BMI values comparable to the previous studies showed higher %BF. Our study
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showed that obesity defined by %BF as a reference is likely to be under-diagnosed
using the previously recommended cut-off anthropometric indices. This may
indicate that these classifications may not be adequate for risk prediction. Our new
cut-off values for anthropometric measures and indices were highly correlated with
body fatness measured with deuterium isotope dilution and were able to be used to
determine obesity more sensitively in the Indonesian population sampled. In the
absence of Javanese specific cut-off values in Indonesia, the WHO Asia cut-off value
is more sensitive. We recommend the use of WC or WSR cut-offs to determine
overweight or obesity in Indonesians due toas it has higher sensitivity and lower
bias compared to other anthropometric categories for obesity.
3.2 VALIDATION AND DEVELOPMENT OF ANTHROPOMETRIC EQUATIONS TO
PREDICT PERCENTAGE BODY FAT OF INDONESIAN ADULTS
3.2.1 Introduction
Body composition is an important indicator of nutritional status. However, precise
assessment of body composition generally requires delicate methods and expensive
instruments and can only be undertaken by a skilful technician. Consequently, these
techniques are only suitable for laboratory-based studies. Many studies have
reported the use of anthropometric measurements (e.g. skinfold measures,
circumferences, body indices) to predict body composition, such as %BF using
prediction equations (Bellisari & Roche, 2005; Davidson et al., 2011; Deurenberg et
al., 1991; Kagawa, Kuroiwa, et al., 2007; Ramírez et al., 2009; Shephard, 2005;
Wither et al., 2009). However, prediction formulae described in the literature are
mostly developed from Caucasian populations. Since body composition varies
across gender and ethnicity, their application to different ethnic populations may
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not be appropriate (Deurenberg & Deurenberg-Yap, 2003; Malina, 2005). Prediction
equations developed from Caucasian populations, for example, the formula of
Durnin and Womersley (1974) has been reported to underestimate %BF measured
by a three-compartment model (Küpper et al., 1998) and D2O method (Gurrici et al.,
1998, 1999). Davidson et al. (2011) modified the formula of Durnin and Womersley
(1974) for specific populations including Asians, however to date, no studies have
cross-validated this prediction formula. The BMI equation by Gurrici et al. (1998) is
the only equation developed from an Indonesian population to predict body fatness
however, it has not been cross-validated since its development. Therefore, one of
the aims of our study was to evaluate the applicability of these formulae in
Indonesians.
BMI is a widely used screening tool for overweight and obesity in epidemiological
studies because of its simplicity. However, the relationship between BMI and %BF is
ethnic-specific (Deurenberg et al., 2002; Deurenberg et al., 2000; Deurenberg et al.,
1998). Moreover, degree of body fatness rather than degree of excess body weight,
has been suggested as a more important risk indicator from the physiological point
of view (World Health Organization, 1995). Studies among Asian populations
including Indonesia (Gurrici et al., 1998, 1999) indicate a higher %BF at any given
BMI when compared to Caucasians (Deurenberg-Yap et al., 2000; Deurenberg et al.,
1998; Wang et al., 1994). Indonesians with the same weight, height, age, and
gender have approximately 4.8% points more BF compared to Dutch living in the
Netherlands (Gurrici et al., 1998). Given that no anthropometric prediction
equations exist for Indonesian adults, except for the BMI equation by Gurrici et al.
(1998), it may be important, based on the convenience of anthropometry and its
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association with body composition, to develop a %BF prediction equation using
measures other than BMI. In addition, more valid equations can be obtained from
1) using a large number of samples; 2) selecting independent variables by robust
regression procedures; 3) internally validating on a separate subsample and
externally on other populations; and, 4) using a multi-compartment method to
measure the criterion body composition (Norgan, 2005).
There are two main aims in the current study:
1) To develop and cross-validate new body composition prediction equations to
estimate %BF of Indonesian adults.
2) To validate existing body composition prediction equations which are
commonly used for the study of body composition in Indonesian adults.
3.2.2 Methodology
3.2.2.1 Participants
Participant characteristics and the recruitment process are described in section
3.1.2.1.
3.2.2.2 Anthropometric Measurement
Measurement procedures and instruments used in the anthropometric measures
are described in section 3.1.2.2.
3.2.2.3 Body Composition Measurement
Body Composition Prediction Equations
Percent body fat (%BF) was determined using selected prediction equations:
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1) The formula of Durnin and Womersley (1974) was used to predict body density
(BD) and then %BF was calculated using the formula of Siri (1956).
BD = C – M (logSF)
Where: BD: body density; C: constant which depends on age and gender; M:
constant; logSF: log 10 sums of four skinfolds at triceps, biceps, subscapular,
suprailiac.
Constants used to calculate body density in the formula of Durnin and Womersley
(1974) were:
- Males :
20–29 y 30–39 y 40–49 y ≥50  y
C 1.1631 1.1422 1.1620 1.1715
M 0.0632 0.0544 0.0700 0.0779
- Females:
20–29 y 30–39 y 40–49 y ≥50  y
C 1.1599 1.1423 1.1333 1.1339
M 0.0717 0.0632 0.0612 0.0645
%BF = [ 95BD - 4.5] x 100 (Siri, 1961)
2) New formula of Durnin and Womersley (Davidson et al., 2011) to predict %BF
of Asians.
Males: %BF = 13.832 (logSF) + 0.020 (age, y) + 0.081 (weight, kg) –
0.210 (height, cm) + 0.289 (waist girth, cm) – 0.650
Females: %BF = 21.430 (logSF) + 0.036 (age, y) + 0.241 (weight, kg) –
0.149 (stature, cm) + 0.067 (waist girth, cm) – 7.525
Where: logSF: log 10 sums of four skinfolds at triceps, biceps, subscapular,
suprailiac.
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3) Formula of Gurrici et al. (1998) to predict %BF.
%BF = 1.30 (BMI) – 9.8 (gender) + 6.4
Where: gender: males = 1, females = 0
Deuterium Oxide Dilution Technique
The detailed procedure of the deuterium oxide dilution technique is described in
section 3.1.2.4.
3.2.2.4 Statistical Analysis
Mean and standard deviation (SD) of the body composition of participants are
presented in the descriptive statistics. The validity of the previous prediction equations
was evaluated using an analysis of paired-test correlation and paired-test difference.
Bland and Altman plots (Bland & Altman, 1986) were used to assess the agreement
between %BF obtained from D2O and from prediction equations for each gender. The
limits of agreement were decided as mean ± 1.96 x SD.
For the development and evaluation of the proposed anthropometric prediction
equations, samples were grouped into males, females, and total. Participants in each
group were divided randomly into two subsamples (the validation and cross-validation
groups) of approximately the same size. Details of the study groups and their
characteristics are presented in Table 3.2.2. Outliers were removed from all of the
possible predictor variables (anthropometric measures) and %BF ≥3.3 SD of each
sample group. A stepwise multiple regression analysis was employed to develop
anthropometric equations for each gender and the total sample, using %BF as
dependent variable and anthropometric variables as the independent variables.
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Anthropometric variables were grouped into skinfold sites, sum of 4 skinfolds (biceps,
triceps, subscapular, suprailiac) and sum of 8 skinfolds (biceps, triceps, subscapular,
suprailiac, abdominal, supraspinal, front thigh, and medial calf), girths and breadths,
and anthropometric indices (BMI, WHR, WSR, and acromio-iliac index). Age and body
weight were also included in each regression analysis. Gender was included as a
dummy variable (males = 1, females = 0) in the development of the equation for the
total group. The equations were developed from the development groups and
presented with R, R2, standard error of the estimate (SEE), and the Akaike Information
Criterion (AIC) to evaluate the precision of the equations. Equations that have a high R2,
a small SEE, and the smallest AIC value were chosen for the most optimal or the best
“fit” models. Significance was determined with p<0.05.
Table 3.2.1 Characteristics of the study groups
Males Females
Group 1
(n = 146)
Group 2
(n = 146)
Group 1
(n = 154)
Group 2
(n = 154)
Age (years) 39.0 ± 11.6 38.7 ± 12.0 39.3 ± 10.9 39.5 ± 11.2
Body weight (kg) 58.2 ± 10.0 59.8 ± 11.2 52.2 ± 9.4 52.6 ± 9.4
Stature (cm) 165.0 ± 7.0 165.3 ± 5.9 165.0 ± 7.0 165.3 ± 5.9
BMI (kg/m2) 21.4 ± 3.3 21.8 ± 3.8 22.1 ± 3.7 22.6 ± 3.9
Total samples
Group 1
(n = 300)
Group 2
(n = 300)
Age (years) 39.1 ± 11.2 39.1 ± 11.6
Body weight (kg) 55.1 ± 10.1 56.1 ± 10.9
Stature (cm) 159.2 ± 8.4 158.8 ± 8.5
BMI (kg/m2) 21.8 ± 3.5 22.3 ± 3.8
Note: Group 1: development group; Group 2: cross-validation group; there were no significant differences between
the mean values of group 1 and 2 in males, females, and total sample
The new anthropometric equations were cross-validated and estimated %BF values
using the proposed equations were compared with the values obtained from the
reference method (D2O) using a paired sample t-test. The correlations (Pearson
correlation) and the bias between the measured and predicted body composition
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(paired t-test) were obtained from the paired test analysis. The pure error (PE) was
used to evaluate the performance of the new prediction equations, and was calculated
as the square root of the mean of squares of differences between measured and
predicted body composition (Sun et al., 2003). A smaller pure error value indicated
greater accuracy of the equation. The accuracy and precision of the new prediction
equations were evaluated using a regression analysis using measured %BF by D2O as a
reference. The new prediction equations were considered accurate if the regression
slopes from measured and predicted values were not significantly different from 1.0
and an intercept was not significantly different from zero. The Bland and Altman plots
were also used to examine the bias of the predicted body composition against the
difference between measured and predicted body composition (Bland & Altman, 1999,
2010). The limits of agreement were decided as mean ± 1.96 SD. All statistical analyses
were conducted using the SPSS program (version 19, SPSS Inc., 2010, Chicago, IL) and
significance was determined at p<0.05.
3.2.3 Results
3.2.3.1 Development of Prediction Equations for Body Composition Estimation in
Indonesian Adults
Prediction equations were developed from skinfold thicknesses of different sites,
sum of 4 skinfolds (triceps, biceps, subscapular, and iliac crest skinfolds), bone
breadth and girths, and anthropometric indices including BMI for each gender and
total sample (Table 3.2.3 to 3.2.5). The proposed equation using skinfold measures
for males showed higher correlations (r = 0.804 and 0.831) with estimated %BFD2O
compared to females (r = 0.723 and 0.745). However, females showed a slightly
better correlation from a proposed equation using BMI (r = 0.701) compared to
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males (0.631). Other anthropometric variables (girth and breadth measures and
indices) were correlated moderately with estimated %BFD2O in both males (r = 0.740
and 0.680) and females (r = 0.728 and 0.695). Better correlations were obtained
from all equations developed from the total sample in which both genders were
combined where r ranged from 0.817 to 0.864 compared with equations developed
from each gender. Inclusion of age improved the performance of the equations
particularly for the equation using skinfold measures in males and females, but not
in the total sample (Table 3.2.5).
Table 3.2.2 Percentage body fat prediction equations developed using
anthropometric variables in males
Dependent
variables Regression equation r r
2 SEE AIC
Skinfold sites %BF = 8.000 + 0.402 (abdominal) + 0.486
(triceps) + 0.059 (age)
0.831 0.691 3.680 377.2
Sum 4 skinfolds1 %BF = 7.579 + 0.237 (sum of 4 skinfolds) +
0.073 (age)
0.804 0.647 3.919 399.8
BMI %BF = -6.971 + 1.318 (BMI) 0.631 0.398 5.100 472.5
Girth and breadth
measures
%BF = -14.533 + 0.363 (waist girth) + 0.474
(gluteal girth) - 4.955 (humerus breadth)
0.740 0.547 4.455 432.2
Anthropometric
index
%BF = -16.849 + 0.553 (WSR) + 0.219
(body weight)
0.680 0.462 4.837 461.3
Note: 1: sum of skinfold thicknesses at triceps, biceps, subscapular, and iliac crest
Table 3.2.3 Percentage body fat prediction equations developed using
anthropometric variables in females
Dependent
variables Regression equation r r
2 SEE AIC
Skinfold sites %BF = 17.794 - 0.005 (age) + 0.494
(triceps) + 0.325 (iliac crest)
0.745 0.555 5.282 514.6
Sum 4 skinfolds1 %BF = 18.772 - 0.003 (age) + 0.203
(sum of 4 skinfolds)
0.723 0.523 5.451 523.3
BMI %BF = 0.083 + 1.472 (BMI) 0.701 0.491 5.615 531.4
Girth and breadth
measures
%BF = -2.136 + 0.710 (arm girth
relaxed) + 0.302 (gluteal girth) - 5.643
(humerus breadth) + 0.289 (waist
girth)
0.728 0.530 5.428 522.9
Anthropometric
index
%BF = -4.886 +0.394 (body weight) +
0.362 (WSR)
0.695 0.483 5.675 535.7
Note: 1: sum of skinfold thicknesses at triceps, biceps, subscapular, and iliac crest
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Among the skinfold sites measured in the present study, triceps and iliac crest were
strong predictors of %BF in females and the total sample whilst abdominal and iliac
crest skinfolds were found to be strong predictors in males. Other strong predictors
among other anthropometry measures were obtained from waist and gluteal girths,
humerus breadth, body weight, and relaxed arm girth. The results indicate that
derivation measures (indices, including BMI) were shown to be weaker predictors of
%BF in all of the groups in comparison to primary measures, of which WSR was the
strongest predictor variable.
Table 3.2.4 Percentage body fat prediction equations developed using
anthropometric variables in the total sample
Dependent
variables Regression equation r r
2 SEE AIC
Skinfold sites %BF = 17.026 + 0.509 (triceps) + 0.342 (iliac
crest) - 5.594 (gender)
0.864 0.746 4.691 926.3
Sum 4 skinfolds1 %BF = 17.858 + 0.215 (sum of 4 skinfolds) -
6.448 (gender)
0.857 0.734 4.796 941.7
BMI %BF = 1.938 - 10.509 (G) + 1.388 (BMI) 0.817 0.668 5.356 1,006.0
Girth and breadth
measures
%BF = -8.545 - 4.830 (G) + 0.420 (waist
girth) + 0.439 (gluteal girth) - 4.830
(humerus breadth)
0.848 0.719 4.945 958.9
Anthropometric
index
%BF = -5.032 - 12.712 (gender) + 0.294
(body weight) + 0.477 (WSR)
0.821 0.675 5.313 997.3
Note: gender: 1 for males, 0 for females; 1: sum of skinfold thicknesses at triceps, biceps, subscapular, and iliac
crest
3.2.3.2 Cross-validation of Anthropometric Equations
The predicted %BF values from the proposed equations were compared with
%BFD2O using the cross-validation group. The results are presented in Table 3.2.6
and 7. The bias was mostly less than 1%; the lowest was -1.41 % (±4.99%) and the
highest was 1.04 % (±4.90%). Prediction equations developed for males gave lower
bias in most of the equations (ranging from -0.15 to -0.51) and lower pure error
(ranging from 2.80 to 3.62%) compared with those for females. There was a trend
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to overestimate %BF in males, while a slight underestimation was observed in
females and in the total sample, except for the anthropometric (girth and breadth)
equation in the total sample group in which the bias was -1.41 ± 4.99% (Table
3.2.6).
Table 3.2.5 Comparison of %BF from the reference method and anthropometric
prediction equations
Reference Prediction equation
Mean ± SD Mean ± SD Bias ± SD PE ± SD
Males Skinfold sites 21.3 ± 7.1 21.5 ± 5.5 -0.2 ± 3.8 2.8 ± 2.6
Sum of 4 skf1 21.4 ± 7.2 21.9 ± 5.9 -0.5 ± 3.7 2.8 ± 2.4
BMI 21.6 ± 6.9 21.5 ± 4.3 -0.3 ± 4.6 3.6 ± 2.8
Girth & breadth 21.6 ± 7.3 21.7 ± 5.6 -0.2 ± 4.2 3.2 ± 2.8
Index 21.4 ± 7.2 21.6 ± 4.9 -0.2 ± 4.3 3.3 ± 2.8
Females Skinfold sites 33.9 ± 7.4 32.8 ± 5.7 1.0 ± 4.9 3.7 ± 3.3
Sum of 4 skf1 33.9 ± 7.4 33.0 ± 5.6 0.9 ± 5.0 3.6 ± 3.4
BMI 33.9 ± 7.4 33.5 ± 5.3 0.4 ± 5.4 4.0 ± 3.7
Girth & breadth 33.9 ± 7.4 33.1 ± 6.0 0.7 ± 5.1 3.7 ± 3.5
Index 33.8 ± 7.6 33.0 ± 5.6 0.8 ± 5.2 3.9 ± 3.6
Total Skinfold sites 28.0 ± 9.6 27.5 ± 8.0 0.4 ± 4.5 3.4 ± 3.1
sample Sum of 4 skf1 28.0 ± 9.6 27.8 ± 8.0 0.2 ± 4.5 3.4 ± 3.1
BMI 28.0 ± 9.6 27.8 ± 7.9 0.2 ± 5.0 3.8 ± 3.3
Girth & breadth 28.0 ± 7.4 29.4 ± 7.3 -1.4 ± 5.0 3.9 ± 3.4
Index 27.9 ± 9.6 27.6 ± 7.8 0.3 ± 4.8 3.6 ± 3.2
Note: 1: sum of skinfold thicknesses at triceps, biceps, subscapular, and iliac crest
Table 3.2.7 presents the correlation between measured and predicted %BF from the
proposed equations. Most of the prediction equations showed strong correlation
above 0.8 in males and the total sample and slightly lower correlations females (r
ranged from 0.685 to 0.751). There were no significant differences between
measured and predicted %BF in males and the total sample validation group, except
for the anthropometric (girth and breadth) equation in the total sample (p<0.001).
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Significant differences were found between measured and prediction equations
from skinfold measures in females (p<0.05).
Table 3.2.6 Paired correlation and difference of %BF from the reference method
and prediction equations
Paired correlation Paired difference
r p t p
Males Skinfold sites 0.841 < 0.001 -0.478 -0.478
Sum of 4 skf1 0.858 < 0.001 -1.658 -1.658
BMI 0.768 < 0.001 -0.683 -0.683
Girth & breadth 0.818 < 0.001 -0.448 -0.448
Index 0.805 < 0.001 -0.575 -0.575
Females Skinfold sites 0.751 < 0.001 2.622 0.010
Sum of 4 skf1 0.745 < 0.001 2.154 0.033
BMI 0.685 < 0.001 0.895 0.372
Girth & breadth 0.736 < 0.001 1.810 0.072
Index 0.707 < 0.001 1.828 0.070
Total Skinfold sites 0.884 < 0.001 1.541 0.124
sample Sum of 4 skf1 0.886 < 0.001 0.773 0.440
BMI 0.856 < 0.001 0.582 0.561
Girth & breadth 0.861 < 0.001 4.873 < 0.001
Index 0.864 < 0.001 0.887 0.376
Note: 1: sum of skinfold thicknesses at triceps, biceps, subscapular, and iliac crest
Figures 3.2.1 to 3.2.5 illustrate scatter plots of measured and estimated %BF from each
equation developed from the total sample to evaluate the performance of the
equations. Most of the prediction equations showed good correlations with measured
%BFD2O as shown in the plots which closely spread to the zero line (reference line).
However, there was a tendency to overestimate %BF at lower %BF and to
underestimate %BF at higher %BF in most of the prediction equations. The largest bias
showed in the BMI equation in which more plots seemed to underestimate %BF (Figure
3.2.7).
128
Figure 3.2.1 Scatter plot of %BF measured by the reference method against
estimated %BF by skinfold equation
Please refer to Appendix 2 for Figures 3.2.2 to 3.2.5.
Agreement between %BFD2O and predicted %BF by the proposed anthropometric
equations was examined using Bland and Altman plots. The results indicated high
agreement between predicted %BF and the reference %BF with a maximum of 6%
of the entire data exceeding the limits of agreement (Figures 3.2.6 to 3.2.10). The
prevalence of plots which exceeded the limits of agreement were 6.0, 5.3, 5.0, 4.7,
and 3.7% for predicted %BF by skinfold, sum of 4 skinfolds, BMI, anthropometric
(girth and breadth), and anthropometric indices respectively.
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Figure 3.2.2 Difference in %BF measured by the reference method and by skinfold
equation
Figure 3.2.3 Difference in %BF measured by the reference method and by the sum
of 4 skinfolds equation
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Figure 3.2.4 Difference in %BF measured by the reference method and by BMI
equation
Figure 3.2.5 Difference in %BF measured by the reference method and by girth and
breadth measure equation
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Figure 3.2.6 Difference in %BF measured by the reference method and by
anthropometric index equation
3.2.3.3 Validation of Existing Body Composition Prediction Equations in Indonesian
Adults
Differences between %BF obtained from D2O (%BFD2O) and some anthropometric
equations are presented in Table 3.2.8. Among the three anthropometric equations,
only the skinfold equation from Durnin and Womersley (1974) for females showed
no significant difference from %BFD2O. In comparison with %BFD2O, predicted %BF
from the BMI equation (Gurrici et al., 1998) provided 3.3 ± 4.8% higher %BF
(p<0.001) in males and 2.2 ± 5.5% (p<0.001) in females, while %BF obtained from
skinfold measures using the modified Durnin and Womersley equation (Davidson et
al., 2011) gave 6.9 ± 4.0% lower %BF (p<0.001) in males and 6.0 ± 5.0% (p<0.001) in
females than %BF obtained from D2O. The smallest difference with %BFD2O was %BF
obtained from the Durnin and Womersley equation (1974), which was 0.97 ± 4.19%
lower (p<0.001) in males and 0.18 ± 5.42% lower (p = 0.554) in females. Further, the
limits of agreement between %BF obtained from D2O and prediction equations are
displayed in Table 3.2.3.
-30
-25
-20
-15
-10
-5
0
5
10
15
20
25
10 20 30 40 50
%B
F d
iffe
ren
ce 
(m
ea
sur
ed
-p
red
ict
ed
by
 an
thr
op
om
etr
ic i
nd
ex 
eq
ua
tio
n)
Mean %BF
Males 95%CI upper 95%CI lower Mean diff Females
132
Table 3.2.7 Differences between %BF obtained from D2O and various prediction
equations
Mean ± SD
Paired correlation Paired difference
r ± SEE p Mean diff ±SD t p
Males
%BF from D2O 21.4 ± 7.0
%BF from skinfold (1) 20.4 ± 6.8 0.82 ± 4.07 < 0.001 0.97 ± 4.19 3.934 < 0.001
%BF from skinfold (2) 14.5 ± 6.0 0.83 ± 3.97 < 0.001 6.85 ± 3.97 29.356 < 0.001
%BF from BMI# 24.7 ± 4.6 0.73 ± 4.78 < 0.001 -3.33 ± 4.81 -11.785 < 0.001
Females
%BF from D2O 33.3 ± 7.7
%BF from skinfold (1) 33.0 ± 6.5 0.72 ± 5.34 < 0.001 0.18 ± 5.42 0.593 0.554
%BF from skinfold (2) 27.2 ± 6.7 0.76 ±0.95 < 0.001 6.01 ± 5.01 20.980 < 0.001
%BF from BMI 35.5 ± 5.0 0.69 ± 5.52 < 0.001 -2.27 ± 5.52 -7.183 < 0.001
Note: (1): %BF Durnin: %BF predicted using BD formula of Durnin and Womersley (1974) and %BF formula of Siri
(1962); (2): %BF Gurrici: %BF predicted using formula of Gurrici et al. (1998)
Table 3.2.8 Limits of agreement between %BF obtained from deuterium isotope
dilution (D2O) and various prediction equations
Males Females
Mean Diff ± limit Lower, Upper Mean Diff ± limit Lower, Upper
D2O & Skinfold (1) 0.97 ± 8.21 -7.24, 9.18 0.18 ± 10.62 -10.44, 10.80
D2O & Skinfold (2) 6.85 ± 7.78 -0.93, 14.63 6.01 ± 9.82 -3.81, 15.83
D2O & BMI -3.33 ± 9.43 -12.76, 6.10 -2.27 ± 10.82 -13.09, 8.55
Note: (1): %BF Durnin: %BF predicted using BD formula of Durnin and Womersley (1974) and %BF formula of Siri
(1962); (2): %BF Gurrici: %BF predicted using formula of Gurrici et al. (1998)
Differences between %BFD2O and those from prediction equations are described in
Figures 3.2.11 to 3.2.13. Among the equations examined, the skinfold equation
from Durnin and Womersley (1974) provided the smallest difference between %BF
and %BFD2O. Male and female plots were scattered centrally and proportionally
close to the zero line. Females with low %BF tended to overestimate their %BF
using the equation (Figure 3.2.11).
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Figure 3.2.11 Differences between %BF obtained from D2O and skinfold equation
(Durnin & Womersley, 1974)
Regardless of gender, most of the samples scattered above the zero line, using the
new Durnin and Womersley equation (Davidson et al., 2011), indicating a strong
tendency for underestimation (Figure 3.2.11). However, similar to the original
equation previously described, some females with low %BF tended to overestimate
their %BF when compared with the reference technique. In contrast, there were a
large proportion of males and females who overestimated %BF when using a
prediction equation from Gurrici et al. (1998), particularly individuals with lower
%BF (Figure 3.2.13). Whereas, males and females who had higher %BF tended to
underestimate %BF compared to the reference technique.
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Figure 3.2.12 Differences between %BF obtained from D2O and skinfold equation
from new Durnin and Womersley (Davidson et al., 2011)
Figure 3.2.13 Differences between %BF obtained from D2O and BMI equation
(Gurrici et al., 1998)
3.2.4 Discussion
The main objectives of the present study were to develop and evaluate
anthropometric prediction equations to estimate %BF in Indonesian populations.
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This is the first study to develop and cross-validate existing prediction equations in
Indonesian adults. The present study also validated existing prediction equations
developed from Caucasian populations which have been applied in body
composition studies in Indonesian populations, using D2O as a criterion body
composition assessment method. The results indicated that the prediction equation
of Durnin and Womersley (1974) was the most comparable with measured %BF
from the reference method with bias less than 1%, particularly in female
participants. The new prediction equation of Durnin and Womersley (Davidson et
al., 2011) seemed to underestimate %BF by approximately 6–7%, whereas the BMI
equation by Gurrici et al. (1998) seemed to overestimate %BF by 2–3%. Our best
performance prediction equations were highly correlated with measured %BF,
particularly the equations developed from the total sample, in which both genders
were combined, with a correlation coefficient between 0.817 and 0.864. A cross-
validation study of the new prediction equations also found low bias with the
measured %BF (-0.17 to 0.41), PE between 3.29 and 3.93%, highly correlated with
measured %BF in regression plots, and within the limits of agreement in the Bland
and Altman plots.
Among the anthropometric prediction equations, the equation developed by Durnin
and Womersley (1974) was shown to be the closest to %BF obtained from the D2O
method in the current study in comparison to the new equation of Durnin and
Womersley (2011) and the equation of Gurrici et al. (1998). This was in
disagreement with measures previously reported by Küpper et al. (1998) and Gurrici
et al. (1998) that skinfold equations from Durnin and Womersley (1974)
underestimated %BF compared with %BF obtained from D2O. However, Gurrici et
136
al. (1999) showed inconsistent results using Durnin and Womersley’s (1974)
equation which appeared among a Chinese ethnic group whose average BMI was
greater than their Javanese counterparts, who showed slightly but significant
(p<0.001) underestimation of their %BF. Difference in race or ethnicity may
contribute to the difference in the relationships between %BF and anthropometric
measures as has been reported between young Japanese and Australian Caucasians
by Kagawa and colleagues (2007). Some factors may also contribute to these
differences such as differences in activity levels (Luke et al., 1997), body build
(Deurenberg et al., 1999; Norgan, 1994), muscularity (Deurenberg et al., 2002; Luke
et al., 1997), and frame size of the samples (Deurenberg et al., 1998).
Although the new Durnin and Womersley equations were developed to be
race/ethnicity-specific, bias was high compared with the current study. This may be
because the Asian population used to develop the prediction equation (Davidson et
al., 2011) were living in the US, and thus body composition may have changed
compared to those living in their own country. There may also be differences
between rural and urban settings. A meta-analysis of %BF association with BMI in
Asian populations indicated a different relationship among Asians living in different
countries (Deurenberg et al., 2002). Even among Indonesian populations, different
relationships have been reported between Malay and Chinese ancestry by Gurrici et
al. (1999). Moreover, Durnin and Womersley’s prediction equations were
developed for the estimation of bone density. The conversion from a BD equation
into a %BF prediction may have resulted in a potential error in the prediction of
%BF.
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An earlier BMI equation from Gurrici et al. (1998) was found to overestimate %BF
by 2–3% in the current study. Differences in methodology of the body composition
and anthropometric assessments and demographic characteristics of the sample,
including socio-economic levels, may have contributed to this difference.
Participants in the study by Gurrici et al. (1998) were mostly university or
government employees and students who commonly have a higher level of
education and income compared to that of non-government employees (e.g.
farmers and labourers). This current study, on the other hand, involved a broad
range of occupations and educational levels. Different levels of socio-economic
factors may influence %BF and BMI through modifying the environmental factors
and behaviours of physical activity and food consumption which in turn is reflected
in BMI and %BF. A study in young Indonesians indicated that consumption of food
with high fat and carbohydrate content may contribute to obesity in urban youths,
while high carbohydrate food was thought to be responsible for obesity in rural
youths (Medawati et al., 2005). The recent growth in occurrence of Western food
stalls may be contributing to unhealthy food consumption thus triggering the
increase in prevalence of obesity that has been reported in the youth population
(Mahdiah et al., 2004; Medawati et al., 2005). The age of the participants was also
10–20 years younger than in the study by Gurrici et al. (1998). Age may influence
body composition and the relationship between BMI and %BF since older adults
may experience loss of lean mass during the aging process, which may result in loss
of weight and a decrease in BMI but retention of fat mass (Baumgartner, 2005).
As earlier anthropometric equations were not appropriate when applied to
Indonesian adults, development of new anthropometric equations with higher
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precision to estimate %BF in this population is an important issue. Therefore, the
present study proposed prediction equations to estimate %BF using anthropometric
variables including skinfold measures, girths, breadths, BMI and other
anthropometric indices. The findings indicated that equations for the total sample
showed stronger correlation between %BF and the anthropometric variables
compared to gender-specific equations. The correlation coefficients (r) for the best
fit equations for the equations from individual skinfolds, sum of four skinfolds, BMI,
girths and breadths, and other anthropometric indices were comparable to other
studies developing anthropometric equations to predict %BF (Kagawa, Binns & Hills,
2007; Kagawa, Kerr & Binns, 2006), but showed lower values of the correlation
coefficient than those of van der Ploeg et al. (2003).
Among the anthropometric measures, equations which used an individual skinfold
site showed the strongest correlation (r = 0.864; r2 = 0.746; SEE = 4.691; and AIC =
926.3) with reference measures of %BF obtained from the reference method.
Triceps, iliac crest, and abdominal skinfold sites were found to be significant
predictors of %BF in the current study population. A previous study by van der Ploeg
and colleagues (2003) using the 4C model indicated that subscapular, biceps,
abdominal, thigh, calf, and mid-axilla were the significant predictors of body fatness
across nine measuring sites. However, the best fit equation produced used only
three skinfolds (mid-axilla, calf, and thigh). Kagawa et al. (2006) in a study for the
development of body fat prediction equations for Japanese males reported that
abdominal and subscapular skinfolds were highly correlated with %BF estimated
from DXA with r = 0.767 and 0.756 respectively, however, the best fit prediction
equation used abdominal and medial calf skinfolds. Triceps and supraspinale
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skinfolds showed the highest correlation with %BF estimated from DXA in Japanese
females (Kagawa, Binns, et al., 2007). Different patterns of subcutaneous fat
distribution among ethnic groups may contribute to these differences. The findings
of the current study also indicated that equations with an individual skinfold site
were more highly correlated with measured %BF than equations using the sum of
four skinfolds. This is similar to those reported by Kagawa et al. (2007) in Japanese
females. It should be noted here that the sum of eight skinfolds showed only a
slightly higher r2 and had no statistical meaning. Moreover, taking measurements
from only four skinfold sites instead of eight sites was more advantageous in terms
of participants’ convenience; time spent, and cost efficiency. The inclusion of age as
a predictor further improved the skinfold equations in males and females. This was
also found in previous studies of development of anthropometric equations by van
der Ploeg et al., (2003) and Kagawa et al. (2006). The differences in skinfold
thickness may be related to an increase in visceral fat in older people (van der
Ploeg, Gunn, Withers & Modra, 2003).
The findings of the current study indicated that the BMI equation showed weaker
correlations for both gender-specific and for the total populations compared to
other equations. A study by Kagawa and colleagues (2007) found that r2 values of
0.61 and 0.44 with SEE 3.65 and 4.46 respectively for BMI equations developed
from Japanese females and males, whilst, r2 values of 0.84 for sum of skinfolds
equations in Japanese females (Kagawa, Binns, et al., 2007) were slightly higher
compared with those of the current study. The differences could be due to the
variability of characteristics of the samples such as the range and the distribution of
age, anthropometric measures, and body fatness. In addition, differences may also
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be the result of different methods used in the assessment of anthropometry and
reference body composition. Kagawa and colleagues used DXA for the assessment
of body composition. The use of a multi-compartment model indicated higher
correlation between the reference and predicted %BF, with van der Ploeg et al.
(2003) reporting that the 4C body composition model gave r2 values of 0.84 to 0.94.
Also, the current study found that waist girth, gluteal girth, arm girth relaxed, and
humerus breadth were the most highly correlated with measured %BF. This was in
agreement with Kagawa et al. (2007) that gluteal girth, relaxed arm girth, and
humerus breadth were the strongest predictors among the breadth and girth
measures. The values of r and r2 for the equations from these measures were
respectively 0.740 and 0.547 in males, 0.728 and 0.530 in females, and 0.821 and
0.675 in the total sample. The results were favourably comparable to those
reported by Kagawa and colleagues (2007) for anthropometric equations from waist
girth, where r2 values were 0.53 and 0.76 in Japanese females and males
respectively (Kagawa et al., 2007) and were 0.42 in Japanese males in another
report by Kagawa et al. (2006).
A cross-validation study of the new prediction equations in the current study
indicated that the best fit equations showed high correlation with measured %BF as
shown in the small bias (0.17 to 0.41) for all equations except the equation from
anthropometric girth and breadth measures which was -1.41 and small PE (3.3–
3.9%) and high coefficient correlation (0.817 to 0.864). The measured %BF and
predicted %BF from these new equations also highly correlated and the differences
were within limits of agreement in which only 3.7–6.0% of the samples exceeded
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the limits. However, there was a slight tendency to overestimate %BF at a lower
%BF and underestimate %BF at a higher %BF. The most prominent deviation was
observed in the BMI equation in which predicted %BF is likely to underestimate
%BF. The finding was consistent with an earlier study in Chinese Singaporeans
(Deurenberg et al., 2000). Deurenberg et al. (2000) indicated that the bias of
prediction equations was positively related to the level of body fatness; therefore
underestimation of %BF existed at higher levels of body fatness. Incorrect
assumptions, for example, the relative contribution of the increased fat mass to
bodyweight becomes greater with increased BMI, whilst the prediction of %BF from
BMI assumes that it is constant. Similarly, the skinfold equation assumes that the
subcutaneous fat is representative of total body fat, whereas, with the increase in
total body fat, the relative amount of internal fat increases, leading to an
underestimation of %BF at higher levels of %BF (Deurenberg et al., 2000).
The present study has several limitations. Participants were divided into two sub-
groups which may slightly reduce the strength of the correlation. However, it will
not affect development of prediction equations as the sample sizes remain greater
than 100 (146 males, 154 females, and a total of 300). In addition, cross-validation
analysis in the development of prediction equations allows determination of the
precision of the new equations. Participants in the current study cannot fully
represent all of the Indonesian population due to the heterogeneity of the
population. However, participants were chosen from a major ethnic group in
Indonesia (i.e. Javanese ethnicity) and the semi-stratified sampling used in our study
enriched the variability of the sample. The use of a two-compartment model for the
estimation of FFM limits the accuracy of the FFM estimation. Application of multi-
142
compartment models provides more accurate determination of body composition
as it enables an independent assessment of the various components of FFM (i.e.
protein, mineral, and water) (Ramírez et al., 2009; Sun et al., 2003). However, the
deuterium dilution technique was the only possible method that could be applied in
a remote study with a large sample size. In addition, studies indicated the validity of
the deuterium dilution technique in body fat estimation was comparable with those
of multi-compartment models (Ramírez et al., 2009). Future studies should involve
multiple ethnic groups to develop general prediction equations representative of
the entire Indonesian population using a multi-compartment model for the
reference body composition.
In conclusion, our findings highlighted that earlier anthropometric prediction
equations were not appropriate when applied to the participants in our sample of
Indonesian adults. Considering precision and accuracy of body composition
assessment is of great importance, comparisons provided in this study should assist
in making a more informed decision when choosing from among the existing
equations for estimating %BF. The current study has developed prediction
equations from anthropometric variables which could be broadly applied to the
Indonesian adult population. We have shown that our newly proposed prediction
equations using D2O as a reference can accurately predict %BF in healthy,
Indonesian adults. The significance of our new prediction equations is that they
were developed and validated using an acceptable reference method of body
composition assessment. Furthermore, our prediction equations were cross-
validated with large samples of adult males and females across a wide age range
(18–65 years).
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3.3 VALIDATION AND DEVELOPMENT OF BIA EQUATIONS TO PREDICT TOTAL
BODY WATER (TBW), FAT-FREE MASS (FFM), AND PERCENTAGE BODY FAT
(%BF) OF INDONESIAN ADULTS
3.3.1 Introduction
Overweight and obesity is a condition of excessive fat accumulation (World Health
Organization, 2000). A screening tool for obesity therefore, ideally measures
individual body fatness. As such measurements are not easy to perform in
population settings, many studies to date have utilized BMI as an obesity indicator.
However, as BMI is not a measure of body fatness, limitations should be considered
when utilizing this index. Consistent with the increased prevalence of obesity in
Indonesia, an accurate assessment of body composition is increasingly important
for clinical practice and research.
Bioelectrical impedance analysis (BIA) is a measure of total body water (TBW) from
which fat-free mass (FFM) and fat mass (FM) then can be derived. As a body
composition assessment technique, BIA is considered suitable for both clinical
practice and research in field settings. BIA is a simple, portable, rapid, non-invasive,
and relatively inexpensive method (Heyward & Wagner, 2004). Numerous studies
have developed BIA equations to predict TBW, FFM, and subsequently derive %BF.
Some studies have indicated good to excellent precision of BIA equations for
epidemiological studies (Macias et al., 2007; Martinoli et al., 2003; Phillips et al.,
2003; Sun et al., 2003). Similarly, Buchholz et al. (2004) recommended BIA
equations for use in population or group studies rather than for individuals in
clinical settings. Importantly, BIA equations need to be appropriately used with
regard to age, gender, race, and BMI (Kyle et al., 2004b) and should be specifically
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applied for the population where equations are generated and validated (Dehghan
& Merchant, 2008; Deurenberg-Yap & Deurenberg, 2001; Kyle et al., 2004b). In
short, using an appropriate equation can avoid systematic errors in estimating body
composition. To date, BIA prediction equations have been mostly developed from
Caucasian populations (Chumlea & Sun, 2005) and an earlier study by Kϋpper et al.
(1998) indicated that BIA equations developed from Caucasian populations
underestimated the body fat (FM and %BF) of an Indonesian population when
compared with the results obtained from a three-compartment model. The only BIA
equation developed for the Indonesian population reported by Gurrici et al. (Gurrici
et al., 1999b) predicted only TBW (kg). Accordingly, development of BIA equations
for Indonesians will provide a more feasible method of assessment of body
composition, thus will be of great support to clinical and epidemiological studies on
obesity in Indonesian populations.
The two main goals of the current study were:
1) To develop BIA prediction equations to estimate TBW, FFM, and FM (kg, %) for
Indonesian adults using the deuterium dilution technique as a reference
method.
2) To test the validity of some predictive methods for estimation of body
composition based on impedance measures in Indonesian adults.
3.3.2 Methodology
3.3.2.1 Participants
The participants are described in section 3.1.2.1.
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3.3.2.2 Anthropometric Measurement
Refer to section 3.1.2.2 for details of anthropometric measurement.
3.3.2.3 Bioelectrical Impedance Analysis Measurement
BIA measurement was carried out using a single frequency bioimpedance device
(Imp DF50, ImpediMed Ltd, Australia) at a frequency of 50 Hz. Prior to the day of
measurement, participants were reminded to:
1) Fast for 4 hours prior to the test;
2) Avoid exercise within 12 hours of the test; and
3) Urinate within 30 minutes prior to the test.
The procedure for BIA measurement was as follows (Heyward & Wagner, 2004):
1) The BIA measures were taken on the right side of the body while the
participant was lying supine on a nonconductive surface in a room with normal
ambient temperature (~25°C). All jewellery, shoes, and socks were removed by
the participant;
2) The skin contact areas at the electrode sites were cleaned with an alcohol pad;
3) The sensor (proximal) electrodes were placed on the dorsal surface of the wrist
and the other electrodes on the dorsal surface of the ankle;
4) The source (distal) electrodes were placed at the base of the second or third
metacarpal-phalangeal joints of hand and foot. The distance between the
proximal and distal electrodes was at least 5 cm apart;
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5) The lead wires were attached to the appropriate electrodes. Red leads were
attached to the wrist and ankle, and black leads were attached to the hand and
foot;
6) The participant’s legs and arms were comfortably abducted at a 30°–45° angle
from the trunk, with no contact with the trunk; and
7) Measurements were completed within 5 minutes after the participants had lain
down and relaxed.
Resistance (R), reactance (Rc), impedance (Z), and phase angle (Ph) were read from
the device. The device was calibrated using a provided calibration cell prior to each
session of measurement.
3.3.2.4 Body Composition Estimation from BIA Equations
BIA equations used to estimate body composition were equations from Deurenberg
et al. (1989), Deurenberg et al. (1991), and Lukaski et al. (1989) to predict FFM. BIA
is a measure of body water (Chumlea & Guo, 1994), however, it also enables the
assessment of FFM when TBW is assumed to be a fixed part of the FFM (Forbes,
1984). Moreover, some research has confirmed the validity of the BIA method for
predicting FFM (Lukaski, Johnson, Bolonchuk & Lykken, 1985; Segal, Van Loan,
Fitzgerald, Hodgdon & Van Itallie, 1988). Since our study focuses on assessment of
body fatness, BIA equations which predict FFM. The formulae were as follows:
Deurenberg et al. (Deurenberg, Weststrate & van der Kooy, 1989)
FFM (kg) = 0.652 Ht2/R + 3.8 G + 10.9
Deurenberg et al. (Deurenberg et al., 1991)
FFM (kg) = 0.340 Ht2/R + 14.34 Ht + 0.273 Wt – 0.127 Age + 4.56 G – 12.44
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Lukaski et al. (1987)
FFM (kg) = 0.734 Ht2/R + 0.096 Xc + 0.116 Wt + 0.878 G – 4.033
Where: Ht is height (in cm); R is resistance (in Ω); Xc is reactance (in Ω); Wt is body
weight (in kg); and G is gender (1 for males, 0 for females).
3.3.2.5 Deuterium Oxide Dilution Technique
Please refer to section 3.1.2.4.
3.3.2.6 Statistical Analysis
Mean and standard deviation of anthropometry and body composition of participants
is presented in the descriptive statistics. Independent t-tests were performed to
examine gender differences for each measurement. For the development of the BIA
equation, the total sample was split randomly into two subsamples (the validation and
cross-validation groups) of the same size (Table 3.3.1). Stepwise multiple regression
analysis was used to develop BIA equations to predict TBW, FFM, and FM in kg and
percentage in the validation groups in males, females, and the total sample (both
genders combined). All potential predictor variables including age, body weight,
resistance index (square of stature in cm divided by resistance in Ω), resistance (Ω),
reactance (Ω), impedance (Ω), phase angle, and gender as a dummy variable (males = 1,
females = 0) were included in the analysis. The proposed equations are presented with
R, R2, SEE, and the Akaike Information Criterion (AIC). Equations that have high R2 and
small SEE and AIC values were chosen for the most optimal or the “best fit” models.
Model selection was carried out using the “all possible regressions” procedures to find
a model which has the largest R2 and smallest SEE and AIC value.
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Table 3.3.1 Characteristics of the study group
Males
(N# = 146)
Females
(N#= 154)
Total sample
(N# = 300)
Age (y) Group 1 39.0 ± 11.6 39.3 ± 10.9 39.1 ± 11.2
Group 2 38.7 ± 12.0 39.5 ± 11.2 39.1 ± 11.6
Body weight (kg) Group 1 58.2 ± 10.0 52.2 ± 9.4 55.1 ± 10.1
Group 2 59.8 ± 11.2 52.6 ± 9.4 56.1 ± 10.9
Stature (cm) Group 1 165.0 ± 7.0 165.0 ± 7.0 159.2 ± 8.4
Group 2 165.3 ± 5.3 165.3 ± 5.9 158.8 ± 8.5
BMI (kg/m2) Group 1 21.4 ± 3.3 22.1 ± 3.7 21.8 ± 3.5
Group 2 21.8 ± 3.8 22.6 ± 3.9 22.3 ± 3.8
Note: N#: sample size for each group; Group 1: development group; Group 2: cross-validation group; there were no
significant differences between the mean values of group 1 and 2 in males, females, and total sample
The new BIA equations were cross-validated using the second group (cross-validation
groups) for each gender and the total sample. The estimated body composition
predicted by the new BIA equation was compared to values measured with the
reference method (D2O) using paired test analysis, from which were obtained the
correlations (Pearson correlation) and the bias between the measured and predicted
body composition (paired t-test). The pure error (PE) was used to evaluate the
performance of the new BIA equations which was calculated as the square root of the
mean of squares of differences between measured and predicted body composition
(Sun et al., 2003). A smaller PE value indicated greater accuracy of the equation. The
regression procedure was used to test the accuracy and precision of the new BIA
equations which were considered accurate if the regression slope between measured
and predicted body composition slope was not significantly different from 1.0 and an
intercept not significantly different from zero. Bland and Altman plots were used to
examine the bias between predicted body composition and the difference between
measured and predicted body composition (Bland & Altman, 1999, 2010). The limits of
agreement were decided as mean ± 1.96 x SD. All statistical analyses were conducted
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using the SPSS program (version 19, SPSS Inc., 2010, Chicago, IL) and significance was
determined at p<0.05.
3.3.3 Results
Table 3.3.2 presents the measurements of the BIA in males and females. There was
no significant difference observed between males and females for reactance.
However, females showed significantly (p<0.001) higher impedance and resistance
but lower phase angle and resistance index compared to males. The means of
impedance, resistance, phase angle, and resistance index were 516.6 ± 57.1, 416.5 ±
94.3, 6.5 ± 0.7, and 54.1 ± 7.7 in males and 608.8 ± 75.8, 513.7 ± 115.2, 5.46 ± 0.6,
and 39.2 ± 5.2 in females, respectively.
Table 3.3.2 Characteristics of participants
Males
Mean ± SD
Females
Mean ± SD p
Age (years) 38.8 ± 11.8 39.3 ± 11.0 0.588
Stature (cm) 165.2 ± 6.5 153.1 ± 5.3 < 0.001
Body weight (kg) 59.0 ± 10.6 52.5 ± 9.6 < 0.001
TBW (kg) 33.6 ± 4.4 25.3 ± 3.5 < 0.001
FFM (kg) 46.0 ± 6.0 34.6 ± 4.7 < 0.001
BF (kg) 13.1 ± 6.4 18.0 ± 6.6 < 0.001
Impedance (Z) 516.6 ± 57.1 608.8 ± 75.8 < 0.001
Reactance (Xc) 57.9 ± 7.5 57.8 ± 7.3 0.976
Resistance (R) 511.9 ± 58.7 606.2 ± 73.1 < 0.001
Phase angle (Ph) 6.5 ± 0.7 5.5 ± 0.6 < 0.001
Resistance index (RI) 54.1 ± 7.7 39.2 ± 5.2 < 0.001
3.3.3.1 Development of BIA Equations for Indonesian Adults
Prediction equations were developed for TBW, FFM, and FM in kg and percentage
units for each gender. Body weight, resistance index, reactance (Xc), impedance (Z),
and phase angle (Ph) were all significant predictors of body composition measures.
Equations with the lowest AIC and SEE and high correlation were taken as the final
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prediction equations (Table 3.3.3). The predictor variables of the equation could
explain the variance of 0.65–0.84 for prediction of TBW FFM, and FM (kg). The best
fit equation in males was for prediction of TBW (kg) in which 0.83 of the variance
could be explained by the predictor variables with SEE and AIC equal to 1.8 kg and
176.3 respectively. In females, only 0.65 of the variance could be explained by the
predictor variables in the equation for estimation of TBW. The best fit model for
females was the equation for estimation of FM, in which 0.83 of the variance could
be explained by the predictor variables.
Table 3.3.3 BIA prediction equations for TBW, FFM, and FM (kg, %) in males and
females
Regression equation r r2 SEE AIC
Males
TBW (kg) = 0.167 + 0.213 (BW) + 0.327 (RI) + 0.055 (Xc) 0.914 0.836 1.823 176.3
FFM (kg) = 0.467 + 0.291 (BW) + 0.448 (RI) + 0.072 (Xc) 0.914 0.836 2.498 269.3
FM (kg) = -1.423 + 0.683 (BW) - 0.394 (RI) - 0.079 (Xc) 0.894 0.799 2.634 284.8
%TBW = 65.627 - 0.512 (BW) + 0.407 (RI) 0.745 0.555 3.213 340.7
%FFM = 89.903 - 0.702 (BW) + 0.557 (RI) 0.745 0.555 4.401 432.6
%BF = 10.097 + 0.702 (BW) - 0.557 (RI) 0.745 0.555 4.401 432.6
Females
TBW (kg) = 3.969 + 0.110 (BW) + 0.369 (RI) 0.806 0.650 2.039 217.5
FFM (kg) = 5.434 + 0.150 (BW) + 0.544 (RI) 0.806 0.650 2.792 313.2
FM (kg) = -10.582 + 0.710 (BW) - 0.394 (RI) - 0.228 (Xc) + 2.220
(Ph) + 0.013 (Z) 0.911 0.831 2.650 302.1
%TBW = 39.466 - 0.616 (BW) + 0.789 (RI) + 0.037 (R - 0.020 (Z) 0.778 0.606 3.643 398.5
%FFM = 54.063 - 0.844 (BW) + 1.081 (RI) + 0.051 (R - 0.027 (Z) 0.778 0.606 4.990 494.8
%BF = 45.937 + 0.844 (BW) - 1.081 (RI) - 0.051 (R+ 0.027 (Z) 0.778 0.606 4.990 494.8
Note: BW: body weight (kg); RI: resistance index = square of stature (cm) divided by resistance (Ω); G: gender
(female: 0, males: 1); Xc: reactance; Z: impedance; Ph: phase angle
Equations developed from the total sample which take both genders into
consideration gave stronger correlation with body composition reference as shown
in Table 3.3.4. Equations for estimation of TBW, FFM, and FM measured in kg
provided better results compared with those measured in percentage with as much
as 0.84–0.88 of the variance of the equations explained by the predictor variables
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and where the SEE ranged from 1.958 to 2.598. The best fit BIA equation was the
equation for estimation of TBW that showed SEE and AIC values of 1.958 and 402.2
respectively.
Table 3.3.4 BIA prediction equations for TBW, FFM, and FM (kg, %) in total sample
Regression equation r r2 SEE AIC
TBW (kg) TBW (kg) = 1.159 + 0.158 (BW) + 0.335 (RI) +
1.723 (G) + 0.508 (Ph) 0.938 0.880 1.958 402.2
FFM (kg) FFM (kg) = 1.585 + 0.216 (BW) + 0.459 (RI) +
2.361 (G) + 0.695 (Ph) 0.938 0.880 2.683 589.2
MF (kg) FM (kg) = -3.941 + 0.699 (BW) - 0.436 (RI) -
3.674 (G) - 0.203 (Xc) + 1.623 (Ph) + 0.008
(Z)
0.920 0.846 2.598 574.0
%TBW %TBW = 60.007 - 0.557 (BW) + 0.462 (RI) +
5.226 (G) 0.858 0.735 3.495 840.4
%FFM %FFM = 82.202 - 0.763 (BW) + 0.633 (RI) +
7.159 (G) 0.858 0.735 4.788 935.4
%BF %BF = 17.798 + 0.763 (BW) - 0.633 (RI) -
7.159 (G) 0.858 0.735 4.788 935.4
Note: BW: body weight (kg); RI: resistance index = square of stature (cm) divided by resistance (Ω); G: gender
(female: 0, males: 1); Xc: reactance; Z: impedance; Ph: phase angle
3.3.3.2 Cross-validation of BIA Equations
The accuracy of the developed prediction equations was evaluated through application
of the equations to the cross-validation groups. The predicted TBW, FFM, and FM in kg
and percentage were compared with measured body composition from the reference
method. The comparison was made for males and females separately as well as for the
total sample. In all validation groups, prediction equations for TBW, FFM, and FM in
percentage showed less bias compared to those estimated in kg. However, pure error
(PE) which is the square root of the mean of squares of differences between measured
and predicted body composition was less in equations estimated in kg (Table 3.3.5),
suggesting that prediction equations which estimate TBW, FFM, and FM in absolute
values may have greater accuracy for prediction of body composition. The biases of the
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prediction equations for TBW, FFM, and FM in total sample equations were -0.23, -
0.29, and 0.25 kg respectively and the pure error values were 1.36, 1.86, and 1.85,
respectively.
Table 3.3.5 Comparison of TBW, FFM, and FM from the reference method and
prediction equation
Reference Prediction equation
Mean ± SD Mean ± SD Bias ± SD PE ± SD
Males TBW (kg) 33.7 ± 4.2 33.9 ± 4.1 -0.19 ± 2.08 1.34 ± 1.60
FFM (kg) 46.2 ± 5.7 46.5 ± 5.6 -0.26 ± 2.85 1.84 ± 2.19
FM (kg) 13.4 ± 6.4 13.2 ± 5.8 0.13 ± 2.68 1.83 ± 1.96
%TBW 57.2 ± 5.5 57.2 ± 4.5 0.01 ± 3.11 3.16 ± 2.84
%FFM 78.3 ± 7.5 78.2 ± 6.1 0.08 ± 4.26 3.16 ± 2.84
%BM 21.7 ± 7.5 21.8 ± 6.1 -0.08 ± 4.26 2.30 ± 2.07
Females TBW (kg) 25.0 ± 3.2 24.1 ± 2.7 0.89 ± 2.10 1.63 ± 1.59
FFM (kg) 34.3 ± 4.4 34.5 ± 3.9 -0.25 ± 2.93 1.92 ± 2.23
FM (kg) 18.1 ± 6.3 18.3 ± 5.6 -0.17 ± 3.01 1.88 ± 2.35
%TBW 48.3 ± 5.4 47.9 ± 4.4 0.50 ± 3.63 2.49 ± 2.69
%FFM 66.2 ± 7.4 65.3 ± 6.0 0.25 ± 4.97 3.41 ± 3.61
%BM 33.8 ± 7.4 34.0 ± 6.0 -0.25 ± 5.97 3.41 ± 3.61
Total sample TBW (kg) 29.3 ± 5.7 29.5 ± 5.5 -0.23 ± 2.08 1.36 ± 1.58
FFM (kg) 40.1 ± 7.8 40.4 ± 7.6 -0.29 ± 2.84 1.86 ± 2.17
FM (kg) 15.9 ± 6.9 15.6 ± 6.3 0.25 ± 2.83 1.85 ± 2.16
%TBW 52.6 ± 7.0 52.8 ± 6.2 -0.12 ± 3.51 3.41 ± 3.38
%FFM 72.1 ± 9.6 72.3 ± 8.5 -0.17 ± 4.80 3.41 ± 3.38
%BM 27.9 ± 9.6 27.7 ± 8.5 0.17 ± 4.80 2.49 ± 2.47
The predicted body composition showed high correlation with body composition
measured with the reference method with r ranging from 0.745 to 0.932 and no
significant differences observed between the mean of both measures, except in the
BIA equation for estimation of TBW (kg) in females (Table 3.3.6).
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Table 3.3.6 Paired correlation and difference of TBW, FFM, and FM from the
reference method and prediction equation
Paired correlation Paired difference
coefficient p t p
Males TBW (kg) 0.873 < 0.001 -1.088 0.278
FFM (kg) 0.874 < 0.001 -1.092 0.277
FM (kg) 0.908 < 0.001 0.568 0.571
%TBW 0.822 < 0.001 0.052 0.959
%FFM 0.822 < 0.001 0.232 0.817
%BM 0.822 < 0.001 -0.232 0.817
Females TBW (kg) 0.756 < 0.001 5.176 < 0.001
FFM (kg) 0.753 < 0.001 -1.044 0.298
FM (kg) 0.877 < 0.001 -0.697 0.487
%TBW 0.745 < 0.001 1.667 0.098
%FFM 0.746 < 0.001 0.605 0.546
%BM 0.746 < 0.001 -0.605 0.546
Total sample TBW (kg) 0.932 < 0.001 -1.909 0.057
FFM (kg) 0.932 < 0.001 -1.744 0.082
FM (kg) 0.911 < 0.001 1.493 0.137
%TBW 0.865 < 0.001 -0.583 0.561
%FFM 0.865 < 0.001 -0.609 0.543
%BM 0.865 < 0.001 0.609 0.543
The predicted TBW, FFM, and FM (kg) in total sample equations correlated highly with
measurements from the reference method with r of 0.87, 0.87, and 0.83 (p<0.001)
respectively (Figures 3.3.1 to 3.3.3). There was a tendency to overestimate TBW (kg) at
lower TBW and a tendency to overestimate TBW at higher TBW (Figure 3.3.1). Similar
tendencies appeared in the correlation between measured and predicted FM (kg) as
can be seen in Figure 3.3.3.
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Figure 3.3.1 Scatter plot of TBW measured by the reference method against
estimated TBW by BIA equation
Figure 3.3.2 Scatter plot of FFM (kg) measured by the reference method against
estimated FFM by BIA equation
Figure 3.3.3 Scatter plot of FM measured by the reference method against
estimated FM by BIA equation
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Figure 3.3.4 plots the difference between predicted and measured TBW (kg) against the
mean of the predicted and measured TBW. The graph also identifies approximately 14
participants (4.8%) who had residuals that exceeded the 95% Confidence Interval (CI)
limits in TBW, FFM, and FM (kg) estimation. Among those who exceed the 95% CI
limits, ten participants (3.4%) underestimated and four participants (1.3%)
overestimated TBW and FFM (Figures 3.3.4 and 3.3.5). By contrast, four participants
(1.3%) underestimated and nine participants (3.1%) overestimated BF (kg) as shown in
Figure 3.3.6.
Figure 3.3.4 Difference in TBW measured by the reference method and by the BIA
equation
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Figure 3.3.5 Difference in FFM (kg) measured by the reference method and by the
BIA equation
Figure 3.3.6 Difference in FM measured by the reference method and by the BIA
equation
3.3.3.3 Validation of Existing BIA Equations
Our proposed equations showed minimum bias for prediction of FFM (kg) ranging
from -0.25 to -0.29 kg. Whereas BIA equations developed from Caucasian
populations indicated high variability from approximately 2.41 kg underestimated
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FFM (kg) to about 4.04 (kg) overestimated FFM (kg). In comparison to females,
males had higher overestimation of FFM (kg) obtained from the BIA equations and
the reference (Table 3.3.7). FFM obtained from the BIA equation of Deurenberg et
al. (1991) gave the lowest differences for both genders, i.e. -6.13 ± 5.25 (p<0.001) in
males and -0.92 ± 3.39 (p<0.001) in females. The greatest differences were
observed between FFM from D2O and FFM obtained from the BIA equation of
Lukaski et al. (1987) which yielded differences of -22.13 ± 16.86 (p<0.001) and 9.94
± 0.54 (p<0.001) in males and females, respectively.
Table 3.3.7 Differences between fat-free mass (FFM) obtained from deuterium
isotope dilution and some prediction equations in males
Mean ± SD Paired correlation Paired differencer ± SEE p Mean diff ± SD t p
Males
FFM (D2O) 46.0 ± 6.0
FFM (BIA equation1) 50.0 ± 5.0 0.82 ± 0.20 < 0.001 -4.04 ± 3.48 -19.793 < 0.001
FFM (BIA equation2) 40.8 ± 5.9 0.88 ± 0.17 < 0.001 -2.97 ± 2.97 -29.216 < 0.001
FFM (BIA equation3) 49.0 ± 6.2 0.86 ± 0.19 < 0.001 -3.04 ± 3.20 -16.167 < 0.001
Females
FFM (D2O) 34.6 ± 4.7
FFM (BIA equation1) 36.5 ± 3.8 0.74 ± 0.18 < 0.001 -1.86 ± 3.19 -10.201 < 0.001
FFM (BIA equation2) 32.2 ± 4.5 0.73 ± 0.19 < 0.001 2.41 ± 3.38 12.463 < 0.001
FFM (BIA equation3) 36.4 ± 4.3 0.78 ± 0.78 < 0.001 -1.79 ± 3.04 -10.284 < 0.001
Notes: 1: FFM (kg) was calculated from BIA equation of Deurenberg et al. (1989)
2: FFM (kg) was calculated from BIA equation of Deurenberg et al. (1991)
3: FFM (kg) was calculated from BIA equation of Lukaski et al. (1987)
The limits of agreement between FFM (kg) obtained from D2O and from some BIA
equations are shown in Table 3.3.8. Overall, males showed wider limits than
females as a result of greater SD. This indicated that the FFM of males predicted
from this equation was more widely spread than FFM in females. Among the
equations, FFM (kg) estimated from the equation of Lukaski et al. (1987) showed
the widest limits of agreement.
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Table 3.3.8 The limits of agreement between fat-free mass (kg) obtained from
deuterium isotope dilution (D2O) and some prediction equations
Males Females
Mean Diff ± limit Lower, Upper Mean Diff ±
limit
Lower,
Upper
D2O & BIA equation1 -4.04 ± 6.82 -10.86, 2.78 -1.86 ± 6.25 -7.89, 4.39
D2O & BIA equation2 -2.97 ± 5.82 -8.79, 2.82 2.41 ± 6.62 -4.21, 9.03
D2O & BIA equation3 -3.04 ± 6.72 -9.32, 3.23 -1.79 ± 5.96 -7.75, 4.17
Notes: Mean difference = FFM (kg) obtained from D2O – FFM (kg) from BIA equation; 1: FFM (kg) was calculated
BIA equation of Deurenberg et al. (1989); 2: FFM (kg) was calculated BIA equation of Deurenberg et al. (1991);
3: FFM (kg) was calculated BIA equation of Lukaski et al. (1987)
Figures 3.3.7 to 3.3.9 illustrate scatter plots of differences between FFM (kg)
obtained from D2O and from BIA equations. In comparison to males, the equations
worked better for females as shown in the plots which were scattered closer to zero
lines, representing smaller differences than the FFM obtained from the reference.
Figure 3.3.1 shows that using the BIA equation of Deurenberg et al. (1989), males
mostly had an overestimated FFM, and the differences were higher, particularly in
males with higher FFM.
Figure 3.3.7 Differences of FFM (kg) obtained from D2O and BIA equation
(Deurenberg et al., 1989)
FFM obtained from the BIA equation of Deurenberg et al. (1991) seemed the most
reliable among FFM results from equations used in this present study as shown in
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Figure 3.3.8 in which plots were scattered closer to the zero line. Females indicated
smaller differences than males whose FFM was clearly higher. Both over- and
underestimation were found equally in females, but more males had an
overestimated FFM. In contrast, the FFM estimated from the BIA equation of
Lukaski et al. (1987) showed the most overestimation, particularly for those
individuals with higher FFM regardless of gender (Figure 3.3.9). Males and females
with higher FFM, indicated higher overestimated FFM obtained from the reference
than those whose FFM was lower.
Figure 3.3.8 Differences of FFM (kg) obtained from and BIA equation (Deurenberg et
al., 1991)
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Figure 3.3.9 Differences of FFM (kg) obtained from D2O and BIA equation (Lukaski,
1987)
3.3.4 Discussion
The objectives of this study were to test the validity of a few predictive methods for
estimation of FFM based on impedance measures in Indonesian adults and propose
BIA equations for the prediction of body composition in this population. We
developed BIA equations to estimate TBW, FFM, and FM (measured in kg and
percentage unit) from our participants who were divided into males, females, and
total sample. Similar to most of the existing BIA equation development studies
(Deurenberg et al., 1991; Deurenberg et al., 1989; Lukaski, 1987; Sun et al., 2003),
our findings indicated higher correlation in the equations with kg as the unit of
measure. We also found that prediction equations which were proposed from the
total sample showed higher correlation than equations which were developed from
males and females separately. Our “best fit” BIA equations showed multiple
regression coefficients (R2) of 0.88 for estimation of TBW and FFM (kg) and 0.85 for
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prediction of FM (kg) with r values ranging from 0.92 to 0.94 and SEE ranging from
1.9 to 2.7 (kg). The results of our study are comparable with previous studies which
have developed BIA equations using D2O as the reference method (Deurenberg et
al., 2000).
In accordance with previous reports (Dioum et al., 2005; Sun et al., 2003), weight
and resistance index (RI), the square of stature (cm) divided by resistance (Ω), were
the strongest predictors of body composition assessment in our study, thus were
included in all of the prediction equations. Inclusion of gender into regression
models improved the performance of the equations. This may be because body
water distribution differs between males and females. The ratio of extracellular
water (ECW) to total body water tends to be higher in females than males,
consequently, RI will be higher in females for a given FFM and body weight (Ellis,
2000).
Our prediction equations for estimation of TBW, FFM, and FM (kg) showed high
correlation with measured body composition in the cross-validation study with r values
of 0.91 to 0.93. There were no significant differences observed between measured and
predicted body composition with low bias and pure error ranging from -0.23 to -0.29 kg
and from 1.36 to 1.86, respectively. The plots between measured and predicted body
composition also showed a high correlation with r2 values ranging from 0.83 to 0.87,
which was comparable to some previous studies (Ramírez et al., 2009; Sun et al., 2003).
In addition, the Bland and Altman plots identified only 4.7% of participants as exceeding
the limits of agreement. Despite the high performance of our prediction equations, a
potential systematic bias should be considered in their application since the plots
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indicated a tendency to underestimation of FFM in participants with high FFM and
underestimation at low FFM. Bias of body composition assessed by BIA is often
reported in obese individuals which may be due to the higher relative amount of ECW
in obese individuals compared to lean individuals (Ritz et al., 2008).
We also validated FFM obtained from BIA measures using several existing equations
using FFM obtained from the D2O method as a reference. The lack of BIA equations
specifically developed for Indonesian adults meant that no comparisons with any
ethnic-specific equations can be obtained. All BIA equations used in the present
study showed significant overestimation of FFM, thus subsequently
underestimating fat mass. At a given FFM (kg), the estimated FFM from the BIA
equations was 3.0 to 4.0 kg higher in males and approximately 1.8 kg higher in
females, except via the BIA equation of Deurenberg et al., (1991) which was about
2.4 kg lower in females. The overestimation of FFM was greater at a higher body
mass. Our findings are in accordance with those reported by Kϋpper et al. (1998) in
that body fat predicted from BIA using Caucasian population prediction equations in
an Indonesian population underestimates %BF by about 2.8 units. A similar trend
was reported among Chinese in Beijing, that is, BIA equations developed from a
Caucasian population underestimated %BF by about 3% in males and females
(Deurenberg et al., 2000). Moreover, the bias between measured and predicted
%BF was positively related to the level of body fatness (Deurenberg et al., 2000;
Küpper et al., 1998). On the other hand, Dierkes et al. (1993) found that FFM
calculated from the formula of Deurenberg et al. (1989) and Lukaski et al. (1987)
showed comparable and high correlation with fat mass assessed with skinfold
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measures and BMI, and had a high correlation coefficient. However, in addition to
the lack of a reference method for body fat assessment and a small sample size in
the study by Dierkes et al. (1993), the skinfold measures and BMI equations used in
their study were specifically developed for Caucasians and so were the BIA
equations. Therefore, it is difficult to make a comparison between that study and
the present study.
Several factors may explain the differences in body composition predicted from BIA
equations and those obtained from the reference method. Biological variability in
body composition and measurement error may contribute to these differences.
Difference in TBW can influence the prediction of FFM and TBW particularly when
measured by single frequency BIA. Single frequency BIA at 50 kHz is not strictly
measuring TBW but mainly reflects the weighted sum of ECW and intracellular
water (ICW) resistivity; this represents a constant proportion of TBW in the normal
condition (Ellis, Bell, Chertow & et al., 1999). A relatively high amount of ECW may
contribute to the low resistance which will result in higher RI and subsequently high
FFM, thus an underestimation of FM and %BF (Deurenberg et al., 1991; Ellis et al.,
1999; Küpper et al., 1998). Bartz et al. (1998) reported a relatively high ECW in
young Indonesian adults. However, ECW varies between ethnic groups as reported
among Indian, Chinese, and Malays (Deurenberg & Deurenberg-Yap, 2002). A meta-
analysis by Martinoli et al. (2003) concluded that single frequency BIA significantly
overestimated TBW in healthy individuals, and thus underestimated FM. Another
limitation of the BIA equation is that prediction for fat mass based on impedance
assumes a constant hydration of FFM that is similar for all individuals and
populations. This assumption may be violated at the individual level and thus results
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are potentially biased across individuals given that electrical properties of human
body depend on water distribution between ECW and ICW space and geographical
water distribution (Deurenberg-Yap & Deurenberg, 2001).
Body proportion, particularly relative limb length may also affect the estimation of
TBW and FFM by BIA (Deurenberg & Deurenberg-Yap, 2001; Deurenberg et al.,
2000; Gurrici et al., 1999a). Since leg length influences total and segmental
impedance values, impedance measures in an individual whose legs are relatively
short will be correspondingly low, resulting in over-predicted TBW and thus
underestimated %BF (Deurenberg & Deurenberg-Yap, 2001). Individuals having
relatively longer leg and arm proportions show higher resistance or impedance
measures compared to the amount of body water and will consequently have a
lower RI at a similar FFM value (Deurenberg & Deurenberg-Yap, 2003). Hence, a BIA
equation developed from a population with relatively long limbs applied to subjects
with relatively short limbs will likely underestimate predicted %BF. Relatively short
legs has been reported among Asians as compared to Caucasians, for example, in
Malays and Chinese (Deurenberg et al., 1999; Deurenberg et al., 2000). Our study
did not measure leg length of the participants, however, Gurrici et al. (1999) found
that relative sitting height, a measure related to relative leg length, of Indonesian
adults was comparable to that of Chinese in Singapore and Beijing (Deurenberg et
al., 2000). As body build (including leg proportion) may differ between populations,
prediction equations can show a bias across populations, suggesting that prediction
equations should therefore be validated in the group to which the equation will be
applied.
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Apart from biological variations, measurement error is thought to contribute to the
bias of measured and predicted body composition by BIA equations. Errors may
exist in the measurements obtained using the BIA and the D2O techniques. Since
the BIA and D2O techniques measure body water, several activities of participants
may influence the measurement, such as consumption of food and beverages,
having moderate and vigorous exercise less than three hours prior to measurement,
and medical conditions (Dehghan & Merchant, 2008). Differences in ambient and
skin temperature are among environmental factors which may affect the
measurement of the BIA (Deurenberg-Yap & Deurenberg, 2001). Moreover, even
though the procedure of the BIA measurement has been standardized, body
position and electrode placement may contribute to the error in the BIA
measurement (Dehghan & Merchant, 2008).
A strength of the current study was the inclusion of cross-validation analysis in the
development of the BIA prediction equation from which it was possible to
determine the accuracy and precision of the new equations. However, several
limitations should be considered. Firstly, participants in the current study were not
fully representative of the Indonesian population due to the heterogeneity of this
population. However, participants were chosen from a major ethnic group in
Indonesia (i.e. Javanese) and semi-stratified sampling used in our study enriched the
variability of the sample. Secondly, the use of a two-compartment model for the
estimation of FFM limits the accuracy of the FFM estimation. Application of a multi-
compartment model would provide a more accurate determination of body
composition as it would enable an independent assessment of the various
components of FFM (i.e. protein, mineral, and water) (Ramírez et al., 2009; Sun et
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al., 2003). However, the D2O technique is considered a gold standard method for
assessment of TBW and is the most reliable for use in a field setting to assess body
composition. The variability of ethnicity in the Indonesian population may result in
systematic bias, hence it is necessary to conduct studies that are carefully designed
and use appropriate methods including a multi-compartment model for body
composition assessment to provide valid and reliable prediction equations for use in
the general population in Indonesia.
In conclusion, our study provides valid prediction equations for estimation of TBW,
FFM, and FM from BIA measures for Indonesian adults. Our BIA equations are
reasonably generalizable for Indonesians across a wide age range (18–65 years) and
BMI (11.3 to 35.5 kg/m2), as assessed with the use of cross-validation procedures. The
BIA equations also have several advantages including the use of a gold standard
method for measurement of TBW, a large sample size comprising both genders, and
the statistical procedures: the use of all-possible-subsets regression analysis allows the
evaluation of every possible combination of the predictor variables in the prediction of
the dependent variables. Inclusion of gender in the prediction equation improves the
performance of the equation. Applications of BIA equations developed for Caucasian
populations to the samples of the current study apparently showed great bias of FFM,
suggesting the need for specific prediction equations for Indonesians to obtain valid
assessments of body composition.
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CHAPTER 4: EXAMINATION OF THE RELIABILITY OF THE
TRANSLATED BODY IMAGE, EATING BEHAVIOURS, AND
PHYSICAL ACTIVITY QUESTIONNAIRES
This chapter describes the development of an Indonesian language version of the
instrument used to assess body image, eating behaviours, and physical activity and
the reliability assessment of the translated instrument in a sample of Indonesian
adults. Divided into three sections, this chapter presents the reliability study of the
translated Body Shape Questionnaire (BSQ) and the Contour Drawing Rating Scale
(CDRS) in the first section; the Eating Habit Questionnaire (EHQ) in the next section;
and the International Physical Activity Questionnaire (IPAQ) in the last section.
4.1 EXAMINATION OF THE RELIABILITY OF THE TRANSLATED BODY IMAGE
QUESTIONNAIRES
4.1.1 Introduction
The Body Shape Questionnaire (BSQ) developed by Cooper et al. (1987) and the
Contour Rating Drawing Scale (CDRS) developed by Thompson and Gray (1995)
were used to measure body image. However, no studies have reported the
availability of reliable and valid translations of both instruments for Indonesians.
Thus, one aim of this study was to examine the reliability of the translated BSQ and
CDRS in an Indonesian population.
The BSQ is one of the instruments used to assess body image which is designed to
measure concerns about body weight and shape in individuals experiencing
disordered eating or related body image problems (Rosen, Jones, Ramirez &
Waxman, 1996). Originally, the BSQ comprised 34 self-reported items and was
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reported to have a good validity based on 38 bulimic women and 119 occupational
therapy students (control). The BSQ showed good concurrent validity and
discriminant validity (Cooper et al., 1987; Rosen et al., 1996).
Since the 34-item version of the BSQ is likely to be too long and inefficient for both
participants and investigators (Evans & Dolan, 1993), particularly in a setting where
more brief instruments are needed, shortened versions of the BSQ (Cooper et al.,
1987) might be helpful. The short versions of the BSQ that have been proposed and
validated are the 8- and 16-item BSQ versions (Downson & Henderson, 2001; Evans
& Dolan, 1993), the 14-item BSQ version (Downson & Henderson, 2001; Ghaderi &
Scott, 2004), and the 10-item BSQ version (Warren et al., 2008). Evans and Dolan
(1993) reported that the short forms of the BSQ (8-item and 16-item versions) were
valid and reliable, while Warren et al. (2008) reported good validity of the BSQ and
the shorter 16- and the 10-item versions of the BSQ. These results suggest that all
versions of the BSQ are psychometrically appropriate for use in the specific
populations tested. However, they may not be adequate for use in other
populations since cultural and ethnic differences could influence responses to items
tested. Therefore, preliminary investigation to test the reliability and validity of
these instruments is necessary to find the applicability of the instruments to the
population studied. To date, there is no study reporting the reliability and validity of
the BSQ, particularly the shortened versions, in an Indonesian population. Tarigan
et al. (2005) used the full version of the BSQ in a study of Indonesian adolescents
but did not report the reliability and validity of the instrument. In addition, no
studies have reported the application of this instrument in Indonesian adults.
Among the shorter versions, the 16-item BSQ was preferred as its validity has been
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reported in more studies, and its half split from the original instrument minimizes
the possibility of missing information which would have been obtained via utilizing
the full version of the questionnaire whilst still being time-effective. For the reasons
described above, this study investigated the reliability and validity of the 16-item
BSQ version (Evans & Dolan, 1993) in the Indonesian adult population.
The Contour Drawing Rating Scale (CDRS) developed by Thompson and Gray (1995)
is an instrument that measures level of body dissatisfaction, which may also be
employed to produce an index of body-size perception accuracy (Thompson & Gray,
1995). The CDRS is comprised of nine male and nine female contour drawings
designed with detailed features in properly graduated sizes with reported good
test-retest reliability and construct validity (Thompson & Gray, 1995; Wertheim et
al., 2004). Some criticism has been directed at the CDRS including limitations of the
drawing scale, particularly relating to the coarseness of the scale in the drawings
and in regard to forcing a continuum variable into an ordinal type variable (Gardner
& Brown, 2010; Gardner et al., 1998). The CDRS has been used to measure body
image, in particular level of body dissatisfaction and some improvements of the
original CDRS have been made to the contour drawings used (Thompson & Gray,
1995). Improvements include front-view contour drawings which illustrate fine
degrees of difference between proximate figures with consistent differences in size
between successive figures. These illustrate progressive and realistic increases in
WHR which consequently allow more accurate assessments of body image elements
(Furnham et al., 2005; Streeter & McBurney, 2003). Moreover, the CDRS can quickly
split at the waist for accurate comparisons of upper and lower body (Thompson &
Gray, 1995).
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Three results are obtained from the CDRS: the current self-rating (the CDRS
current), the ideal rating (the CDRS ideal), and the discrepancy between the current
self-rating and the ideal rating which equates to body dissatisfaction (the CDRS
difference). Previous reliability and validity studies of the CDRS have found that the
tool was reliable and valid (Thompson & Gray, 1995).
From the literature, it is obvious that in any measure, reliability of the instrument
needs to be confirmed in each specific context in which the measure is used.
Therefore, applicability of these questionnaires to the population studied is known.
To date, no studies have reported on the reliability of the BSQ and the CDRS in the
Indonesian language.
Therefore, the current study aimed to examine the reliability of the translated BSQ and
CDRS in Indonesian adults.
4.1.2 Methodology
4.1.2.1 Participants
Participants were 40 (20 male and 20 female) Indonesians living in Yogyakarta Special
Region Province. Participants were recruited through flyers placed on information
boards at the sampling area. Twenty males and 20 females were then selected
randomly from the list of eligible participants based on the following inclusion criteria:
1) adults aged 18–65 years who agreed with and intended to follow this study; and 2)
of Javanese ethnic background. Adults, who had physical disabilities or cognitive
impairment, those under medical treatments or taking prescriptions, those involved in
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weight reducing programs or dieting, and pregnant women, were excluded from the
study.
4.1.2.2 Translation of English Version of the Instruments to Indonesian Language
Version
The translation process followed the back-translation technique (Fink, 2009). This
technique is advantageous in ensuring the discovery of most inadequacies and is the
most widely used method to reach translation equivalence in cross-cultural research
(Fink, 2009). The English versions of the BSQ, the 16-item BSQ, and the CDRS were each
translated into Indonesian and then back translated into English by four expert
bilinguists. The bilinguists were persons proficient in the relevant languages and
knowledgeable about the culture concerned (Cavana, Delahaye & Sekaran, 1991).
The procedure of back translation was conducted as described in Fink (2009) with a
slight modification. Originally, Fink (2009) used only two expert bilinguists, but the
researcher modified this to four expert bilinguists who were Indonesian natives, English
lecturers, and experienced with at least two years postgraduate study mastering
English in an English-speaking country, to ensure that the final Indonesian version
would be more easily understood by the target population, but at the same time
maintaining an equivalent meaning for each question of the original version. The first
bilinguist translated the original questionnaire (Source 1) to the Indonesian version
(Target 1) and gave it to the second bilinguist who translated the results (Target 1) back
to English (Source 2). The source 2 was then translated to Indonesian by the third
bilinguist as Target 2. Finally, Target 2 was back-translated to English (Source 3) by the
last expert bilinguist. Reviews and adjustments were made among Targets 1 and 2, and
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Sources 2 and 3, by the researcher and the four expert bilinguists until equivalent
meaning was obtained with the original questionnaire (Source 1).
4.1.2.3 Reliability Test of the Translated Instrument
Reliability testing which concerns the accuracy in the measurements, evaluates how
consistently an instrument measures a particular concept. There are two kinds of
reliability tests, stability and internal consistency, each of which consists of two types,
that is, test-retest reliability and parallel-form reliability, and inter-item consistency and
split-half reliability respectively. Test-retest reliability undertaken by a repetition of the
same measure on a second occasion obtains a reliability coefficient, that is, a
correlation between the scores obtained from the two different instances by the same
respondents. The higher the reliability coefficient is, the more stable the measure is
across time (Cavana et al., 1991). Paired-test and the Bland and Altman plots are
statistical analyses commonly used to perform test-retest reliability. Parallel-form
reliability is obtained when there is a high correlation between responses to two
comparable sets of measures representing the same construct. Both forms should have
the same items and response format, and the only changes will be in the wording and
ordering of questions.
The present study included a test-retest reliability test conducted on 40 participants
(20 males and 20 females). Permissions were obtained from all authors of the
original questionnaires used in the present study. All instruments were
administered to each participant and then repeated after one week. Analysis of
paired-test and Bland and Altman plots were used to find agreement between the
first and second administrations of each instrument.
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Chronbach’s alpha coefficient was used to evaluate the inter-item consistency of the
BSQ for this present study. In addition, since the 16-item BSQ version is derived from
the full version of the BSQ, the split half internal reliability was applied to find the
internal reliability of each item within the 16-item BSQ.
Due to several limitations of this study, including the time allocated and the
available instrumentation, validity assessment on the translated instruments could
not be undertaken.
4.1.2.4 Administration of the Instrument
All participants were given the first administration (pre-test) and then after one week
the second administration (post-test). In each of the administrations the participants
were asked to complete the instruments with the guidance of trained instructors.
BSQ
The BSQ given to the participants was the full version BSQ (later the term BSQ is used in
the data analysis and the discussion) and the two 16-item BSQ (later called BSQ-16a
and BSQ-16b in the data analysis and the discussion). The 16-item BSQ version
comprised 16 questions with responses across six scales, i.e. never, rarely, sometimes,
often, very often, and always. Questions focused on each individual’s concerns about
his or her body shape, for example: “Have you been so worried about your shape that
you have been feeling that you ought to diet?”; “Have you felt ashamed of your
body?”; “Have you felt that it is not fair that other people are thinner than you?”
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CDRS
The CDRS was administered in two types, the CDRS1 and the CDRS2. The CDRS1 was
presented on a piece of A4 paper as a set of figures from thinnest to fattest.
Participants were asked to choose one figure which represented the current state of
their body and one figure which represented their ideal state. In the CDRS2, the figures
were separated onto different cards and given to the participants in random order.
Participants chose one figure to represent their current body state and a second as
their ideal body shape. In order to reduce the bias that participants would remember
the figures they chose, the CDRS2 was administered first before participants answered
all the other instruments and the CDRS1 was given last after participants had
completed all the questionnaires.
4.1.2.5 Statistical Analysis
Analysis of the paired t-tests was performed to find the relationship between the
scores obtained from each participant at two occasions as used in the previous study
(Ghaderi & Scott, 2004) as well as the Bland and Altman plot (Bland & Altman, 1999,
2010). The instruments were considered to have good reliability if the means and the
differences of the scores were between the limits of agreement (95% CI). A p value of <
0.05 was regarded as a statistically significant. Differences between males and females
were observed using independent sample t-test analysis.
Internal consistency was examined using the Cronbach’s alpha coefficient for the
BSQ and the 16-item BSQ in the first and the second administration. In addition, for
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the 16-item BSQ, split-half internal reliability was done to find the internal reliability
between the two measures.
Statistical analysis was conducted using the SPSS program (version 19.0, SPSS Inc.,
2010, Chicago, IL).
4.1.3 Results
The Full Version BSQ
Means of the BSQ were not significantly different between males and females, even
though females were more likely to score higher in the BSQ in both pre- and post-
tests (Table 4.1.1). Table 4.1.2 presents the internal reliability of the BSQ in pre- and
post-tests. The BSQ shows excellent internal consistency with a Cronbach’s alpha
coefficient of at least 0.955 in the pre-test and 0.945 in the post-test both in males
and females. Paired-test analysis also confirmed that administrations of both pre-
and post-tests of the instrument in males and females were significantly correlated,
indicating good reliability of the instrument (Table 4.1.3). The reliability between
both administrations as shown in Figure 4.1.1 was also good in the Bland and
Altman plots, with only three of the samples (7.5%) beyond the 95% CI limits of
agreement.
Table 4.1.1 Mean and SD of the EHQ scores of participants
Males (n= 20) Females (n= 20) Independent
sample t-test
Mean SD Mean SD t p
BSQ, pre-test 66.40 28.43 73.30 27.98 -0.774 0.444
BSQ, post-test 64.15 27.68 72.40 28.21 -0.934 0.356
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Table 4.1.2 Internal reliability test of the BSQ
Pre-test Post-test
Cronbach’s alpha
coefficient p
Cronbach’s alpha
coefficient p
Males 0.955 ≤ 0.001 0.945 ≤ 0.001
Females 0.963 ≤ 0.001 0.963 ≤ 0.001
Table 4.1.3 Paired sample tests of the BSQ and between pre- and post-tests
Paired sample correlation Paired sample difference
r p t p
Males 0.988 ≤ 0.001 2.275 0.035
Females 0.993 ≤ 0.001 1.217 0.238
Figure 4.1.1 Bland and Altman plot of the BSQ between pre- and post-tests
The 16-Item BSQ
Females showed greater means in scores from the 16-item BSQ, however, there
were statistical differences as shown in Table 4.1.4. The internal consistency
between the BSQ-16a and the BSQ-16b were high, both in pre-test and post-test in
males and females with the coefficient values ranging between 0.890 to 0.934 in
the pre-test and between 0.882 to 0.947 in the post-test (Table 4.1.5).
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Table 4.1.4 Mean and SD of the 16-item BSQ scores of participants
Males (n= 20) Females (n= 20) Independent
sample t-test
Mean SD Mean SD t p
BSQ-16a, pre 33.40 11.35 36.25 13.96 -0.708 0.483
BSQ-16a, post 31.90 11.18 33.85 12.72 -0.515 0.610
BSQ-16b, pre 33.10 14.46 39.00 16.28 -1.212 0.233
BSQ-16b, post 33.25 15.78 36.75 16.52 -0.685 0.497
Table 4.1.5 Internal reliability test of the 16-item BSQ
Males Females
Cronbach’s alpha
coefficient
p Cronbach’s alpha
coefficient
p
BSQ-16a pre-test 0.865 ≤ 0.001 0.926 ≤ 0.001
BSQ-16a post-test 0.856 ≤ 0.001 0.918 ≤ 0.001
BSQ-16b pre-test 0.912 ≤ 0.001 0.935 ≤ 0.001
BSQ-16b post-test 0.923 ≤ 0.001 0.944 ≤ 0.001
Table 4.1.6 presents the split-half coefficients of the 16-item BSQ. Both instrument
splits show high correlation with coefficient values between 0.816 to 0.953 in males
and from 0.889 to 0.964 in females. The split-half internal reliability results
indicated that both instruments have strong internal reliability and can be used
interchangeably.
Table 4.1.6 Split-half internal reliability of the 16-item BSQ for males and females
BSQ-16a, b pre-test BSQ-16a, b post-test
Males Females Males Females
Cronbach’s alpha coefficient (BSQ-16a) 0.859 0.926 0.856 0.913
Cronbach’s alpha coefficient (BSQ-16b) 0.912 0.935 0.923 0.944
Correlation between the forms 0.816 0.930 0.910 0.889
Spearman-Brown coefficient equal length 0.899 0.964 0.953 0.941
Spearman-Brown coefficient unequal length 0.899 0.964 0.953 0.941
Guttman split-half coefficient 0.896 0.954 0.929 0.925
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Table 4.1.7 Paired sample tests between the two 16-item BSQ and between pre-
and post-tests for males and females
Paired sample
correlation
Paired sample
difference
r p t p
Males
BSQ-16a, pre-post test 0.928 ≤ 0.001 1.570 0.133
BSQ-16b, pre-post tests 0.952 ≤ 0.001 -0.138 0.892
BSQ-16a, b pre-test 0.816 ≤ 0.001 0.369 0.716
BSQ-16a, b post-test 0.913 ≤ 0.001 -0.491 0.629
Females
BSQ-16a, pre-post test 0.982 ≤ 0.001 3.835 0.001
BSQ-16b, pre-post tests 0.980 ≤ 0.001 3.028 0.007
BSQ-16a, b pre-test 0.930 ≤ 0.001 -1.902 0.072
BSQ-16a, b post-test 0.889 ≤ 0.001 -1.661 0.113
Agreement between pre- and post-tests of each version of the 16-item BSQ in males
and females as shown in Table 4.1.7 indicated an excellent correlation with r values
ranging from 0.928 to 0.982 (p≤0.001). However, paired t-test values indicated
significant differences between pre- and post-tests in females. Likewise, between
the BSQ-16a and the BSQ-16b, each administration showed strong correlation with
r values from 0.816 to 0.994 and no significant differences.
Analysis of the Bland and Altman plots of the 16-item BSQ is presented in Figures
4.1.2 to 4.1.5. Agreement between pre- and post-tests and between the two 16-
item BSQ were all met with approximately 95% of the spots within the limits of the
agreement.
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Figure 4.1.2 Bland and Altman plot of the BSQ-16a between pre- and post-tests
Figure 4.1.3 Bland and Altman plot of the BSQ-16b between pre- and post-tests
Figure 4.1.4 Bland and Altman plot between the BSQ-16a and BSQ-16b pre-test
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Figure 4.1.5 Bland and Altman plot between the BSQ-16a and BSQ-16b post-test
Table 4.1.8 presents the CDRS scores in pre- and post-tests. Different scores
(p<0.01) were observed in the CDRSideal between males and females, in which
females showed lower scores than males in both type administrations (the CDRS1
and the CDRS2). Paired sample correlations between pre- and post-tests for males
and females were moderate to high with r values ranging from 0.523 to 0.894
(mostly p≤0.001) for males and from 0.750 to 0.951 (mostly p≤0.001) for females
(Table 4.1.9). No significant paired t was observed except in the CDRS1current and the
CDRS2different (t = 2.333, p = 0.031 and t = 2.939, p = 0.008 respectively) for females.
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Table 4.1.8 Mean and SD of the CDRS scores of participants
Males (n= 20) Females (n= 20) Independent
sample t-test
Mean SD Mean SD t p
CDRS1current, pre-test 5.85 1.76 5.50 2.21 0.554 0.583
CDRS1current, post-test 5.65 1.60 5.55 2.04 0.173 0.864
CDRS1ideal, pre-test 5.25 0.85 4.25 1.16 3.102 0.004
CDRS1ideal, post-test 5.20 0.70 4.25 1.02 3.442 0.002
CDRS1different, pre-test 1.45 0.83 2.05 1.36 -1.690 0.101
CDRS1different, post-test 1.35 0.81 1.70 1.49 -0.922 0.364
CDRS2current, pre-test 5.55 1.61 5.45 2.26 0.161 0.873
CDRS2current, post-test 5.55 1.54 5.40 2.11 0.257 0.799
CDRS2ideal, pre-test 5.20 0.62 4.15 1.23 3.423 0.002
CDRS2ideal, post-test 5.20 0.52 4.30 0.98 3.627 0.001
CDRS2different, pre-test 1.25 0.97 2.10 1.25 -2.403 0.022
CDRS2different, post-test 1.35 0.67 1.60 1.39 -0.724 0.475
Table 4.1.9 Paired sample tests between pre- and post-tests of the CDRS1 and
CDRS2
Paired sample
correlation
Paired sample
difference
r p t p
Males
CDRS1current 0.843 0.000 0.940 0.359
CDRS1ideal 0.800 0.000 0.438 0.666
CDRS1different 0.851 0.000 1.000 0.330
CDRS2current 0.894 0.018 0.000 1.000
CDRS2ideal 0.523 0.000 0.000 1.000
CDRS2different 0.751 0.000 -0.698 0.494
Females
CDRS1current 0.951 0.000 -0.326 0.748
CDRS1ideal 0.654 0.002 0.000 1.000
CDRS1different 0.893 0.000 2.333 0.031
CDRS2current 0.942 0.000 0.295 0.772
CDRS2ideal 0.750 0.000 -0.825 0.419
CDRS2different 0.839 0.000 2.939 0.008
Bland and Altman plots are presented in Figures 4.1.6 to 4.1.17, evaluating
agreements between pre- and post-tests and between the two types of the CDRS.
Agreement between pre- and post-tests of the CDRS1current and the CDRS2current as
illustrated in the Bland and Altman plot in Figure 4.1.6 and 4.1.7 were met with only
2.5% of the sample beyond the limits of agreement. Similarly, 97% of the sample
was within the limits of agreement for both types of the CDRS ideal as presented in
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Figure 4.1.8 and 4.1.9. In the CDRS1different and the CDRS2difference, agreement
between pre- and post-tests was reached with 95% of the samples within the limits
of agreement (Figure 4.1.8 and 4.1.9).
Figure 4.1.6 Bland and Altman plot of the CDRS1current pre- and post-tests
Please refer to Appendix 3 for the rest of the Bland and Altman plot figures of the
CDRS (Figures 4.1.7 to 4.1.17).
Agreement between the two types of the CDRS in pre-test and post-test are
presented in Figures 4.1.12 to 4.1.17. Between the CDRS1current and the CDRS2current,
agreement was met with only 5% of the samples beyond the limits of agreement
both in pre-test and post-test (Figure 4.1.12 and 4.1.13). Between the CDRS1 and
the CDRS2ideal, as shown in Figures 4.1.14 and 4.1.15, in pre-test 5% of the samples
were beyond the limits of agreement, but in the post-test all samples were within
the limits of agreement. Whereas, agreement between the CDRS1,2different was not
as good as the CDRS1,2current and CDRS1,2ideal in which 7.5% of the samples were
observed beyond the limit of agreement in the pre-test (Figure 4.1.16) and 10% in
the post-test (Figure 4.1.17).
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4.1.4 Discussion
The aims of this study were to translate and assess the reliability an Indonesian
version of the BSQ and the CDRS to assess body image. The BSQ and the 16-item
BSQ showed very high test-retest reliability and internal consistency. Both of the 16-
item BSQs also showed high correlation with each other and high split-half internal
reliability.
Back-Translation Process
The English version of the BSQ was translated to Indonesian through the back-
translation procedures (Fink, 2009). During the back-translation process, a few
differences in the wording choices were identified. For example, in the BSQ the
word “diet” was initially translated to “diet” since the word has already been
adopted by Indonesians. However, people might have different assumptions
regarding this specific wording. For example, “diet” might be defined as “eat only
certain food” or “restriction of the volume of food consumption” or “control of the
foods choice and volume”. The word “fat” was translated to “gendut” however, this
term may slightly irritate some people as it is commonly used in teasing. Moreover,
this word was back-translated as “chubby”; hence the word “gemuk” was chosen to
define the term “fat”. These issues were presented in the discussion between the
translators and the researcher. During the discussion with the small group of
potential participants, these issues were again raised and discussed to make sure
they reached the same conclusions. This process yielded the final Indonesian
version of the BSQ and the 16-item version BSQ.
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BSQ
The BSQ scores obtained from the present study were comparable to those from
the studies by Cooper et al. (1987) in females from a normal (non-clinical)
population and also to the study using a group of female college students (Ghaderi
& Scott, 2004) but slightly lower than the results reported by Warren et al. (2008)
and Evans and Dolan (1993). The current study found that test-retest reliability and
internal consistency of the BSQ was excellent. The correlation between the BSQ and
BMI was moderate, but still better than a previous report by Rosen et al. (1996)
based on non-clinical samples of university undergraduates and university staff. The
results of reliability and validity of the present study support the appropriateness of
the use of the BSQ in the Indonesian adult population.
Inter-correlation between the two 16-item BSQ as a result of the split of the BSQ
was assessed using the split-half internal reliability test. Previous research reported
the split-half internal reliability of the 16-item BSQ to be as high as 0.96 to 0.97
(Ghaderi & Scott, 2004). The present study found the two 16-item BSQ showed high
split-half internal reliability with a Guttman split-half coefficient of 0.93. Both forms
were also highly correlated with r = 0.88 and r = 0.90 in the first and second
administration respectively. When gender was analysed, females showed a slightly
better correlation than males. In general, the split-half internal reliability
assessment of the 16-item BSQ in the present study showed that both the 16-item
BSQ instruments had equally high internal consistencies. Test-retest reliability and
internal consistency of the 16-item BSQ in the present study was high and in
agreement with the previous findings by Evans and Dolans (1993). Assessment of
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validity of the 16-item BSQ in this present study found moderate correlation (0.40
to 0.69) between the 16-item BSQ and body weight, BMI, and self-rating. However,
the correlation between the 16-item BSQ and the full version BSQ was high.
Previous studies also indicated that these two scales could be used interchangeably
to minimize the possibility of memory bias in a repeated measures design as well as
when limited time is available for the administration (Evans & Dolan, 1993) or when
brief instruments are required (Warren et al., 2008). Part of the findings from the
present study, particularly the test-retest reliability and the split-half coefficients,
supported the proposition that both scales could be used interchangeably in
research involving a restricted time setting. However, internal consistency and
validity assessment particularly in females showed a tendency that the 16-item BSQ
scale-2 had slightly better properties in terms of internal consistency and validity.
Nonetheless, further validation of these instruments using a larger sample and
comparing it with other similar construct measures is recommended for this
population due to the limited number of the samples and the simplicity of the
validity assessment in this present study.
Overall, the present study showed that the BSQ and the 16-item BSQ had good
psychometric properties in terms of test-retest reliability, internal consistency, and
validity against body weight, BMI, and self-rating. In addition, the 16-item BSQ
showed a high correlation with the BSQ, high internal consistency using Cronbach’s
alpha as well as split-half reliability. These findings support the applicability of the
Indonesian version of these instruments to assess the level of body concern in
Indonesian adults. Application of the 16-item BSQ as an “alternate form” of the BSQ
may be reliable and valid in the population study, and therefore it can be used in a
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larger study when only limited time is allocated or in a repeated measures study to
avoid unnecessary time expenditure and the disadvantage of identical test item
representation.
CDRS
The CDRS is an instrument designed to measure body size perception. Comprising
nine contour drawings, subjects choose one figure that represents their current
body size (the CDRScurrent) and one figure that represents their ideal body size (the
CDRSideal). The difference between the current and ideal body size defines the body
dissatisfaction (the CDRSdifference). The present study found that the CDRScurrent
showed high repeatability (0.84 and 0.95), which was comparable to studies by
Thompson and Gray (1995) and Wertheim et al. (2004). The CDRSdifferent also
showed high repeatability (0.75 to 0.89) and the CDRS ideal figure showed
moderate to high reliability (0.52 to 0.80). These results were comparable with
those of the previous study by Wertheim et al. (2004) that reported high
repeatability of r = 0.82 and r = 0.78 for the CDRSdifference and the CDRSideal figure
respectively. Both present and previous studies met Nunnally’s (1970) criterion of
acceptable reliability for a psychometrically sound instrument, which requires a
minimum value of 0.70.
The present study also evaluated the comparison between the CDRS1 in which a set
of nine pictures of a male or a female was administered in ascending order from the
thinnest (number 1) to the fattest (number 9) (see Appendix) and the CDRS2 in
which the pictures on nine separate cards were given to the participants in random
order. Both types of administration generally showed strong test-retest reliability,
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but little variation existed among the CDRScurrent, ideal, and difference and between
males and females. Validity against body weight, BMI, and self-rating were
comparably high between the two CDRS administrations regardless of gender.
However, only females showed significant correlations between body
dissatisfaction measures using CDRS1. It should be noted, even though variations
were observed among those relationships, that the difference in coefficient values
was only about 0.1 different. According to Doll et al. (2004), the method of figure
presentation influenced the choice of the pictures in the figure rating scale hence,
administration of the CDRS using separate cards in random order would be the
suggested method to use in a research project. Presenting the figures on randomly
ordered cards will reduce the chance of participants remembering the figures they
selected initially which was, according to Gardner and colleagues (Gardner et al.,
1998), likely to result in spuriously high test-retest reliability. Moreover, this
method produced results with subjects showing the most concern regarding body
dissatisfaction in study by Doll et al. (2004). It was likely that giving figures in order
from the smallest to the largest influenced each individual’s perceptions of the
figures (Doll, Ball & Willows, 2004) and caused a deviation to the left of the
midpoint scale in which participants preferred to judge their perceived size as
smaller (Nicholls, Orr, Okubo & Loftus, 2006). Given that the results of the present
study were comparable across the two types of administration of the CDRS, further
investigation is required to find out whether different presentation methods would
cause different results in measuring body dissatisfaction in this population and thus
be able to recommend one presentation method over the other. In terms of the
CDRS diagram, particularly for females, further investigation is needed to assess the
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relevance of the figures for Indonesian females by taking cultural factors into
consideration.
In conclusion, the findings of this study generally support previous studies of
reliability of the BSQ and the CDRS. Overall, these instruments showed strong
repeatability and internal consistency. The present study showed that the
Indonesian language version of the BSQ, the 16-item BSQ and the CDRS were
reliable measures of body image, particularly the level of body concern and body
dissatisfaction to be used in an Indonesian population.
4.2 EXAMINATION OF THE RELIABILITY OF THE EATING BEHAVIOURS
QUESTIONNAIRE
4.2.1 Introduction
The Eating Habits Questionnaire (EHQ) was proposed by Coker and Roger (1990) as
a screening device that could be quickly and easily administered to identify a range
of eating and weight disorders, including anorexia, bulimia, and atypical eating
disorders or eating disorders not otherwise specified (EDNOS). The results of the
EHQ enable the stratification of participants in the normal population and those
with eating disorders, rather than simply distinguishing between sufferers and non-
sufferers (Striegel-Moore et al., 2004). Therefore, the EHQ is applicable to identify
individuals with certain eating problems as well as normal individuals who are at
risk of developing eating disorders (Coker & Roger, 1990). The EHQ consists of 57-
true/false items that include three main factors: 1) concern with weight and dieting;
2) restrained eating; and 3) overeating.
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Development of the EHQ showed excellent reliability tests with test-retest reliability
at 4-week intervals on a separate sample of 67 female undergraduates of 0.95.
Internal reliability was high with a coefficient alpha of 0.89 for the total sample of
800 participants (450 females, 350 males), 0.91 when male subjects’ data were
partially out, and 0.95 on an independent sample of 80 female undergraduates.
Concurrent validity in 67 female undergraduates showed that the EHQ is correlated
with the Bulimic Investigatory Test Edinburgh (BITE) with r = 0.87, p<0.01 and with
the Eating Attitude Test (EAT), r = 0.73, p<0.01. Predictive validity in three eating
disorder samples (20 obese females, 20 anorectic females, and 28 bulimic females,
and 5 bulimic (recovered) female patients, showed as expected that obese,
anorectic, and bulimic participants had the highest proportions of high scores on
the EHQ. Predictive validity in 108 female undergraduates, 58 women attending an
aerobics class and 30 bulimic patients showed, as predicted, that women from an
aerobic class obtained higher mean scores than female undergraduates but lower
scores than bulimic patients. The mean scores for the female undergraduates,
aerobic, and bulimic groups were 21.99 (±10.26), 24.28 (±10.85), and 46.73 (±5.54),
respectively.
The EHQ was designed as a test that can be administered quickly for individuals
with eating problems and those in the normal population who are at risk of
developing some form of eating disorder. These advantages underline the
usefulness of the EHQ as an instrument to evaluate eating behaviours in the
proposed study. However, there was no Indonesian language version of this
instrument available.
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Therefore, the purpose of the current study was to provide an Indonesian language
version of the EHQ and to assess the reliability of the instrument in Indonesian adults.
4.2.2 Methodology
4.2.2.1 Participants
Details of the participants are described in section 4.1.2.1.
4.2.2.2 Translation of English Version of the Instruments to Indonesian Language
Version
Please refer to section 4.1.2.2.
4.2.2.3 Reliability Test of the Translated Instrument
Please refer to section 4.1.2.3.
4.2.2.4 Administration of the Instrument
All participants were given the first administration (pre-test) and then after one week
the second administration (post-test). In each of the administrations the participants
were asked to complete the instruments with the guidance of trained instructors. The
participants were asked to answer all 57 questions in the EHQ.
4.2.2.5 Statistical Analysis
Analysis of paired t-tests was performed to find the relationship between the scores
obtained from each participant on two occasions, as used in the previous study
(Ghaderi & Scott, 2004) as well as the Bland and Altman plot (Bland & Altman, 1999,
2010). The instruments were considered to have good reliability if the means and the
differences of the scores were between the limits of agreement (95% CI). A p value of
<0.05 was regarded as statistically significant. Differences between males and females
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were observed using independent sample t-test analysis. Internal consistency was
examined using the Cronbach’s alpha coefficient for the EHQ in the first and the second
administration.
Statistical analysis was conducted using the SPSS program (version 19.0, SPSS Inc.,
2010, Chicago, IL).
4.2.3 Results
Mean and SD of the EHQ scores of participants is presented in Table 4.2.1. Even though
females showed greater mean scores for the EHQ in pre- and post-test compared to
males, they have no statistical difference (pre-test t = -1.491, p = 0.148; post-test t = -
1.488, p = 0.146). The internal reliability of the EHQ between pre- and post-tests as
shown in Table 4.2.2 was moderate to high with the Cronbach’s coefficients ranging
from 0.701 to 0.855 (p≤0.001). Compared to males, females showed better internal
reliability. However, analysis of paired tests indicated that males had comparable and
even slightly better correlation than females with r = 0.919 (p≤0.001) in males and r =
0.900 (p≤0.001) in females (Table 4.2.3). The Bland and Altman plot shows that 92.7%
of the samples were within the limits of agreements (Figure 4.2.1).
Table 4.2.1 Mean and SD of the EHQ scores of participants
Males (n= 20) Females (n= 20) Independent
Sample t-test
Mean SD Mean SD t p
Pre-test 19.10 5.98 22.40 7.89 -1.491 0.148
Post-test 19.25 6.27 22.65 8.07 -1.488 0.146
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Table 4.2.2 Internal reliability test of the EHQ
Pre-test Post-test
Cronbach’s alpha
coefficient p
Cronbach’s alpha
coefficient p
Males 0.701 ≤ 0.001 0.735 ≤ 0.001
Females 0.840 ≤ 0.001 0.855 ≤ 0.001
Table 4.2.3 Paired sample tests between pre- and post-tests of the EHQ
Paired sample correlation Paired sample difference
r p t p
Males 0.919 ≤ 0.001 -0.271 0.789
Females 0.900 ≤ 0.001 -0.313 0.757
Figure 4.2.1 Bland and Altman plot of the EHQ pre- and post-tests
There were no significant correlations observed between the EHQ and body weight,
BMI, and self-rating of the participants (Table 4.2.4). However, there was a
significant correlation between the EHQ and the BSQ (Table 4.2.5), indicating that,
while body measures cannot predict the EHQ scores, the EHQ-measured eating
concerns aligned with body shape concerns measured via the BSQ.
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4.2.4 Discussion
The English version of the EHQ was translated to Indonesian through back-
translation procedures (Fink, 2009). During the back-translation process, a few
differences in wording choices were identified. For example, the word “meal” was
initially translated to “makan” which was then back translated to “eat”. These issues
were presented in the discussion with the translators and the researcher. The words
“membatasi makanan” were then added to the word “diet” to make it the same
perception of “diet”. Similarly, the word “nasi” – meaning “rice” – was added to
“makan” since most Indonesians commonly have meals which include “nasi”.
During the discussion with the small group of potential participants, these issues
were again raised and discussed to make sure that they had the same perceptions.
This process yielded the final Indonesian version of the EHQ.
The EHQ was designed to examine individuals with eating problems in a time-
efficient manner. The present study found that the EHQ showed high repeatability
as well as internal consistency in males and females in one week repeated
administration. As reported by Coker and Roger (1990), the present study found
that the EHQ had test-retest reliability ranging between 0.90 and 0.91 and an
internal consistency ranging between 0.70 and 0.86.
The EHQ showed substantial test-retest reliability and internal consistency as well
as concurrent and predictive validity on a variety of normal and eating disordered
samples (Coker & Roger, 1990) and good convergent validity with the BITE (0.87)
and  the EAT-26 (0.73) (Coker & Roger, 1990). Therefore, the EHQ was
recommended as a reliable and valid indicator of eating disorders which allows a
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broad category of eating disorders to be distinguished. Moreover, the EHQ can be
used to identify subjects in the normal population who might be at risk of
developing an eating disorder. Due to several limitations, such as restricted time
and the availability of other translated instrument for assessing eating disorders,
the current study could not perform validity testing of the EHQ.
In summary, the findings from the current study on the reliability of the EHQ
suggest that the instrument is reliable for use with Indonesian adults. However,
additional investigation using a similar study with a larger and more representative
sample is recommended.
4.3 EXAMINATION OF THE RELIABILITY OF THE TRANSLATED PHYSICAL ACTIVITY
QUESTIONNAIRES
4.3.1 Introduction
Physical activity levels were assessed using the International Physical Activity
Questionnaire (IPAQ) long form. The IPAQ is used to assess habitual physical activity
during the last 7 days and is available in two forms, short and long, which can be
administered by telephone, self-administration, or a semi-structured interview. The
short version of the IPAQ provides information on time spent walking and in
vigorous, moderate, and sedentary activities, while, the long form of the IPAQ
measures details about walking, moderate-intensity, and vigorous-intensity physical
activity in four domains, namely: occupational, transport, yard/garden and
household, and leisure-time activities (www.ipaq.ki.se). An international study in 12
countries reported by Craig et al. (2003) demonstrated that the IPAQ instruments
can be used to collect reliable and valid physical activity data in many countries,
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suggesting that these instruments are ready for use to compare population
estimates of physical activity in diverse settings. The IPAQ instruments were also
used to estimate the physical activity of populations worldwide, both in developed
and developing countries (Booth et al., 2000; Brown et al., 2004; Deng et al., 2008;
Hallal et al., 2004; Ishikawa-Takata et al., 2008; Maddison et al., 2007; Sobngwi et
al., 2001). Using internationally agreed standard measures of physical activity will
help to identify universal and culture-specific determinants of physical activity
(Booth et al., 2000).
Tests for reliability and validity of this instrument have been extensively studied.
Craig et al. (2003) reported that IPAQ has good test-retest reliability with a
correlation of 0.81 (95% confidence interval [CI] = 0.79–0.82) and validity
correlations with accelerometers of 0.33 (95% CI = 0.26–0.39) in a study across 12
countries. Maddison et al. (2007) measured physical activity of 36 adult males and
females aged 18–56 years living in Auckland, New Zealand using the IPAQ long form
and compared these results to measures of doubly labelled water (DLW) as a gold
standard method for energy expenditure assessment. This study found that the long
version of the IPAQ had good reliability as shown in a Spearman correlation
coefficient of 0.79 (p<0.001) between 1 and 9 days and 0.74 (p<0.001) between 9
and 15 days. However, on average energy expenditure was underestimated by 27%
between the IPAQ and the DLW method as a reference. Further, Brown et al. (2004)
reported that a study in 104 Australian males and females aged 18–75 years
administered with the IPAQ showed a good percent agreement score (79%) for
activity status classification as active, insufficiently active, or sedentary and
moderate agreement with Kappa (95% CI) was 0.47 (0.29–0.66). ICC for walking
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items was 0.53 (0.38–0.66), moderate intensity activity was 0.41 (0.24–0.56),
vigorous activity was 0.52 (0.36–0.65), and total minutes of activity was 0.68 (0.56–
0.77). Comparing the short version and the long version of the IPAQ, Hallal et al.
(2004) demonstrated that the short version overestimated physical inactivity by
50% relative to the long version (the Kappa value was 53.7%) in a sample of 186
Brazilian men and women with a mean age of 40 ± 17.1. The long version is more
accurate possibly because it prompts separately for several activities.
Another advantage of the IPAQ is that the instrument has been translated into
other languages such as Japanese (Ishikawa-Takata et al., 2008), Vietnamese
(Lachat et al., 2008), Dutch (Vandelanotte et al., 2005), French (Gauthier et al.,
2009), and Chinese (Deng et al., 2008). However, while translation, validity and
reliability studies have been reported regarding the IPAQ, no study has been
conducted using an Indonesian version, nor the reliability and validity of these
questionnaires. The IPAQ shows good validity and reliability, is widely used, and
enables the detailing of activities such as walking, moderate-intensity and vigorous-
intensity physical activity. This supports the use of the IPAQ to measure the level of
physical activity of Indonesian adults in this study.
The objectives of this study were to provide an Indonesian language version of the IPAQ
long version and to examine the reliability of the instrument in Indonesian adults.
4.3.2 Methodology
4.3.2.1 Participants
Participants are described in section 4.1.2.1.
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4.3.2.2 Translation of English Version of the Instruments to Indonesian Language
Version
The translation process followed the IPAQ guidelines for back-translation process
(www.IPAQ.ki.se). The detailed procedures are similar to section 4.1.2.1. In addition, a
pilot test was done on the translated IPAQ with a few sample participants from a broad
range of backgrounds, including low and middle education levels or social class. The
sample participants were interviewed as they completed each item and were asked
questions such as:
a. Did you understand all the words?
b. How clear was the intent of the question? (Do you know what is being asked?)
c. Do you have any questions about it?
d. How could the wording be clearer?
At the end of the survey, more general questions were asked, such as:
a. Did any of the questions make you feel uncomfortable?
b. Were there activities that we missed?
Based on pilot testing, changes that were considered necessary were made to the
instrument but only changes that would not change the meaning of the instrument
(www.IPAQ.ki.se).
4.3.2.3 Reliability Test of the Translated Instrument
Please refer to section 4.1.2.3.
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4.3.2.4 Administration of the Instrument
All participants were given the first administration (pre-test) and then after one week
the second administration (post-test). In each of these administrations the participants
were asked to complete the instruments with the guidance of trained instructors. The
participants were asked to recall their activities, which were done for at least 10
minutes in the past 7 days.
4.3.2.5 Statistical Analysis
Analysis of paired t-tests was performed to find the relationship between the scores
obtained from each participant on two occasions as used in the previous study (Ghaderi
& Scott, 2004) as well as the Bland and Altman plot (Bland & Altman, 1999, 2010). The
instruments were considered to have good reliability if the means and the differences
of the scores were between the limits of agreement (95% CI). A p value of <0.05 was
regarded as a statistically significant. Differences between males and females were
observed using independent sample t-test analysis.
Statistical analysis was conducted using the SPSS program (version 19.0, SPSS Inc.,
2010, Chicago, IL).
4.3.3 Results
The mean IPAQ scores for males and females were respectively 1814 ± 752 and 1742 ±
626 in the pre-test and were 1815 ± 671 and 1733 ± 548 in the post-test (Table 4.3.1).
There were no differences in the mean of the IPAQ scores between males and females
in either pre-test or post-test. Correlations between pre- and post-test scores of the
IPAQ were excellent with r = 0.950 and 0.952 (p≤0.001) for males and females,
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respectively. No differences in paired sample tests were observed in any of the pre- and
post-test analyses (Table 4.3.2). A Bland and Altman plot also supported the agreement
between pre- and post-tests of the IPAQ as presented in Figure 4.3.1.
Table 4.3.1 Mean and SD of the IPAQ scores of participants in pre- and post-test
Males (n= 20) Females (n= 20) Independent sample t-
test
Mean SD Mean SD t p
Pre-test 1814 752 1742 626 0.331 0.742
Post-test 1815 671 1733 548 0.425 0.673
Table 4.3.2 Paired sample tests between pre- and post-tests of the IPAQ
Paired sample
correlation
Paired sample
difference
r p t p
Males 0.950 <0.001 -0.008 0.993
Females 0.952 <0.001 0.216 0.832
Figure 4.3.1 Bland and Altman plot of physical activity level from pre- and post-tests
4.3.4 Discussion
The back-translation process was conducted according to procedures on the IPAQ
website (www.ipaq.ki.se) for cultural adaptation during the translation. Consensus
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was obtained on the most appropriate wording. During the back-translation
process, a few differences in the translated wording were identified. For example, In
the IPAQ, the term “leisure time” was initially translated to “waktu santai” which
then back-translated to “resting time”. These issues were presented in the
discussion between the translators and the researcher. The term “waktu senggang”
was then substituted to define “leisure time”. During the discussion with the small
group of potential participants, these issues were again raised and discussed to
make sure that they had the same perceptions. This process yielded the final
Indonesian version of the IPAQ Long Form.
The IPAQ showed high repeatability (0.95) in males and females as reported in
previous studies (Brown et al., 2004; Craig et al., 2003; Sobngwi et al., 2001).
Internal consistency was as high as 0.86 to 0.97 and 0.81 to 0.89 as reported by
Gauthier et al. (2009) and Deng et al. (2007), respectively. Strong test-retest
reliability and internal consistency of the IPAQ in the present study supports the
applicability of this instrument for Indonesian populations.
Validation studies of physical activity questionnaires typically involve a number of
objective measures of physical activity and/or energy expenditure. The doubly
labelled water (DLW) technique is considered the reference method or gold
standard for the assessment of total energy expenditure (TEE) which when
combined with a measurement of resting metabolic rate (RMR) also reflects
physical activity-related energy expenditure (PAEE) (Basset, 2000; Starling, 2002).
Heart rate monitors and motion sensors are other techniques used to measure
PAEE and subsequently used in the validation of physical activity measures. In the
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current study, validity assessment of the IPAQ was not performed. However,
validation of the IPAQ in previous studies showed that the instrument has fair to
good convergent and concurrent validity against objective measures of physical
activity such as DLW, accelerometers, and pedometers (Craig et al., 2003; Deng et
al., 2008; Gauthier et al., 2009; Lachat et al., 2008; Maddison et al., 2007; Sobngwi
et al., 2001). As a variety of objective methods are employed to assess physical
activity levels their use is costly for epidemiological studies or public health
surveillance (Ainslie, Reilly & Westerterp, 2003). Thus, the preferred method for
population-level purposes in adults is self-reported instruments (Sallis & Saelens,
2000). Some limitations in validity studies of the IPAQ include the uncertainty of the
correlation between the IPAQ and other direct measures of physical activity levels
with some studies reporting good correlations while others found that the IPAQ
overestimates the level of physical activity compared to those directly measured by
accelerometer (Boon, Hamlin, Steel & Ross, 2010; Prince et al., 2008), but
underestimated levels in comparison to DLW measures (Prince et al., 2008).
Demographic factors such as age, gender or education may affect the validity and
reliability of the IPAQ. Therefore, an appropriate validation study remains an
important issue before applying the IPAQ in a population context. A recognised
limitation of the current study was the inability to examine the validity of the IPAQ
due to time and cost restrictions.
With those limitations in mind, the use of the IPAQ as a measure of physical activity
is still beneficial, especially when applied to large epidemiological studies. These
benefits, according to Sallis and Saelens (2000), include its ability to collect data
from a large number of people at low cost and it does not alter the habitual physical
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activity, which commonly happens in experimental studies. It is also possible to
evaluate all the dimensions of physical activity so patterns of behaviour can be
examined, and it has been used across a range of ages, and so measures can be
adapted to fit the needs of particular populations or different research questions.
In conclusion, investigation into the reliability of the IPAQ supported its use to
measure physical activity. The IPAQ long form had excellent repeatability. The
present study showed that the Indonesian version of the IPAQ contained reliable
measures of physical activity. Future studies are suggested to include examination
of validity of this instrument using objective measures of energy expenditure.
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CHAPTER 5: EVALUATION OF BODY IMAGE, EATING
BEHAVIOURS, AND PHYSICAL ACTIVITY OF INDONESIAN
ADULTS IN RELATION TO ANTHROPOMETRY AND BODY
COMPOSITION
Chapter 5 comprises three sections, the first of which evaluates the associations of
anthropometric measures and body composition of Indonesian adults with body
image. Prevalence of body dissatisfaction and body shape concerns was determined
in this section and also their correlation with age, education level, and occupation.
Section 2 illustrates the association between anthropometry, body composition,
and eating behaviours. Lastly, association with physical activity level is described in
the third section.
5.1 BODY IMAGE OF INDONESIAN ADULTS IN RELATION TO ANTHROPOMETRY
AND BODY COMPOSITION
5.1.1 Introduction
Body image is suggested to vary with age, gender, and ethnicity. Numerous studies
have identified variation in body image between race/ethnicity. Caucasian women
are reported have greater body dissatisfaction compared with black American,
African American, Indigenous, and Asian women (Kronenfeld et al., 2010; Lu & Hou,
2009; McCreary et al., 2006; Mellor et al., 2004; Vaughan et al., 2008). Body image
also changes with age (Smolak, 2002; Whitbourne & Skultety, 2002).
Research also indicates that body image is related to anthropometric measures
(Kay, 2001), particularly BMI (Lu & Hou, 2009; Lynch et al., 2007; McCreary et al.,
2006; Mellor et al., 2004; Mellor et al., 2009; Yates et al., 2004). However, some
204
inconsistencies still exist in the association between body image and obesity. Obese
individuals have been reported to have greater body dissatisfaction (Tarigan et al.,
2005a). In contrast, some obese individuals have been reported to enjoy their
appearance and not to be upset with their body size (Carr et al., 2007; Lynch et al.,
2007). More body image studies are necessary to give a more comprehensive
overview of the ethnic differences in the relationship between body image and
anthropometry with respect to obesity.
To date, very few studies have investigated body image among Indonesian adults as
well as its association with anthropometry and body composition. The lack of
studies regarding factors which may be associated with anthropometry and body
composition make it difficult to monitor national trends, make comparisons
between studies, and to provide sufficient information for decision makers in public
health policy to prevent the increase of overweight and obesity in Indonesia.
Therefore, the objective of this study was to examine body image of Indonesian
adults in relation to anthropometry and body composition.
5.1.2 Methodology
5.1.2.1 Participants
Details of participants are presented in section 3.1.2.1.
5.1.2.2 Anthropometric and Body Composition Measurements
Anthropometric and body compositionmeasurements are described in section 3.1.2.2.
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5.1.2.3 Body ImageMeasurement
Body image of participants was measured using the 16-item Body Shape
Questionnaire (BSQ) (Evans & Dolan, 1993). See the detailed translation process and
reliability study of the instrument in section 3.1. The Contour Rating Drawing Scale
(CDRS) (Thompson & Gray, 1995) was given to the participants in nine cards in
random order, from which “the CDRScurrent” and “the CDRSideal” were obtained. The
discrepancy between the CDRScurrent and the CDRSideal represented body
dissatisfaction and was called “the CDRSdifferent”.
5.1.2.4 Statistical Analysis
Means and SD of the total score of the BSQ and the three kinds of CDRS values are
presented in the descriptive table. Differences between males and females were
analysed using the t-student test. Spearman Rho analysis of correlation was
performed to explore relationships between the BSQ-16 score and anthropometric
measures as well as body composition in each gender.
Non-parametric analysis was performed to classify body shape concerns and body
dissatisfaction from the BSQ and the CDRS scores respectively. The BSQ score was
classified into a dichotomous category, i.e. “concerned” or “not concerned”. Since
there was no cut-off for this category, the cut-off point was determined using
discriminant analysis based on the observed score of the BSQ in normal-weight
participants as defined by BMI classification (BMI <25). This method has been used
previously by Tarigan et al. (2005). The cut-off points resulting from this
determination were 26 for males and 32 for females. Those who scored less than
the cut-off points were classified as “not concerned” and those who scored more
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than the cut-off points were considered as “concerned” about body shape. The non-
parametric analysis on the CDRS data was done to evaluate body dissatisfaction by
subtracting the CDRSideal from the CDRScurrent and classifying those into the
categories of: “satisfied” (when the subtraction resulted in zero value), “want to be
bigger” (when the subtraction resulted in negative value), and “want to be thinner”
(the subtraction resulted in positive value). The prevalence of body dissatisfaction
and body shape concerns in males and females and within categories of obesity
based on BMI and %BF is presented in bar figures.
The demographic data, including age, education, and occupation levels were also
classified. Education levels were classified into none (have not experienced any
level of formal education), basic education (primary and secondary school), and
higher education (high school, college, and university), whereas, occupation was
categorized into none (unemployed), employee, and not employee. Participants
were classified into young adults (18–30 years), middle adults (31–45 years), and
older adults (46–65 years).
The non-parametric data of the BSQ and the CDRS were then analysed using cross-
tabulation analysis and chi-square testing to find the significant difference of the
prevalence within categories of body dissatisfaction and body shape concerns in
different levels of age, occupation, and education for each gender. Binary logistic
regression was performed to obtain the odds ratio. Statistical analyses were done
using the SPSS program (version 19.0, SPSS Inc., 2010, Chicago, IL) with a p value of
p<0.05 regarded as significant.
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5.1.3 Results
5.1.3.1 Body Image in Indonesian Adults and its Association with Anthropometry and
Body Composition
The mean scores of the BSQ and CDRS are presented in Table 5.3.1.1. Females
showed greater mean BSQ scores (35.38 ± 15.08, p<0.001) and CDRSdifferent,
indicating that females might have higher levels of body dissatisfaction compared to
males (26.92 ± 11.08). Higher means (5.05 ± 1.12, p<0.001) for the CDRSideal scores
in males compared with females (4.07 ± 1.49) represented males wanting a greater
body size. There was no difference observed in the CDRScurrent, suggesting that both
males and females chose figures closely representing their own figures.
Table 5.1.1 Means of the BSQ and CDRS of the participants
Males Females pMean ± SD Mean ± SD
N 292 308
BSQ 27.21 ± 11.83 35.21 ± 15.55 < 0.001
CDRScurrent 4.87 ± 1.76 4.97 ± 2.08 0.509
CDRSideal 5.05 ± 1.12 4.07 ± 1.49 < 0.001
CDRSdifferent 1.16 ± 1.08 1.69 ± 1.49 < 0.001
Table 5.1.2 displays correlations between the BSQ and the CDRS scores, stature,
body weight, and skinfold thickness at eight sites. Regardless of gender, the BSQ
and the CDRS scores, except the CDRSdifferent were significantly related to body
weight, but no correlations were observed with stature. The highest correlations
with skinfold measure were found between almost all of the skinfold thicknesses
and the CDRScurrent with r ranging from 0.550 to 0.663 (p<0.001). Low correlations
were observed between the skinfold thicknesses and the CDRSdifferent as well as
between the skinfold thicknesses and the CDRSideal with r = 0.050 to 0.197 and
varied p values. Associations with the BSQ were fair (r = 0.254 to 0.483) but
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significant (p < 0.001) in all skinfold sites, regardless of gender. No remarkable
differences were observed in terms of the strength of the associations between the
body image measures and skinfold thicknesses among the sites since the
differences were relatively small (0–2) (Table 5.1.2).
Table 5.1.2 Correlation between body image, stature, body weight, and skinfold
thickness in males and females
BSQ CDRScurrent CDRSideal CDRSdifferent
Males
Stature -0.001 0.014 0.022 0.024
Body weight 0.323** 0.652** 0.138* 0.042
Triceps 0.352** 0.625** 0.186** 0.089
Subscapular 0.390** 0.654** 0.157** 0.115*
Biceps 0.383** 0.629** 0.174** 0.146*
Iliac crest 0.370** 0.631** 0.158** 0.079
Supraspine 0.335** 0.608** 0.146* 0.047
Abdominal 0.373** 0.625** 0.159** 0.069
Front thigh 0.288** 0.559** 0.197** 0.097
Medial 0.314** 0.535** 0.127* 0.050
Sum of 8 skinfolds 0.382** 0.659** 0.173** 0.094
Females
Stature 0.111 0.029 0.068 0.071
Body weight 0.435** 0.631** 0.154** 0.221**
Triceps 0.456** 0.604** 0.138* 0.227**
Subscapular 0.423** 0.635** 0.177** 0.155**
Biceps 0.442** 0.596** 0.182** 0.202**
Iliac crest 0.406** 0.600** 0.133* 0.209**
Supraspine 0.349** 0.552** 0.153** 0.151**
Abdominal 0.327** 0.562** 0.186** 0.141*
Front thigh 0.471** 0.535** 0.087 0.242**
Medial 0.465** 0.550** 0.132* 0.274**
Sum of 8 skinfolds 0.468** 0.663** 0.176** 0.220**
* p < 0.05; ** p < 0.01
Associations between body image measures with girth and breadth measures are
presented in Table 5.1.3. The highest correlations were obtained from the
CDRScurrent and girth measures (p<0.001), regardless of gender. Correlations
between the BSQ and all girth and breadth measures were lower than with the
CDRScurrent (r = 0.063 to 0.321 in males, r = 0.179 to 0.464 in females), but higher
than with the CDRScurrent and CDRSideal. The lowest associations were found between
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the girth and breadth measures and the CDRSdifferent in males (r = 0.013 to 0.78) and
between the breadth measures and the CDRSideal in females (r = 0.034 to 135).
Compared to breadth measures, girth measures showed stronger correlations with
all the body image measures, but varied across body image measures and gender.
For example, the strongest association with the BSQ in females was provided by
gluteal girth and in males by arm girth relaxed, while the strongest association with
the CDRS current was obtained by waist girth in females and arm girth relaxed in
males (p<0.001).
Table 5.1.3 Correlation between body image and girth and breadth measures in
males and females
BSQ CDRScurrent CDRSideal CDRSdifferent
Males
Arm girth relaxed 0.325** 0.676** 0.128* 0.013
Arm girth flexed 0.303** 0.643** 0.123* 0.013
Waist girth 0.325** 0.661** 0.148* 0.020
Gluteal girth 0.312** 0.625** 0.181** 0.047
Calf girth 0.295** 0.620** 0.176** 0.051
Biacromial breadth 0.165* 0.239** 0.033 0.078
Bicristal breadth 0.199** 0.391** 0.019 0.077
Humerus breadth 0.062 0.294** -0.015 -0.041
Femur breadth 0.185** 0.401** 0.070 0.066
Females
Arm girth relaxed 0.372** 0.617** 0.174** 0.144*
Arm girth flexed 0.370** 0.615** 0.181** 0.155**
Waist girth 0.341** 0.637** 0.177** 0.157**
Gluteal girth 0.475** 0.591** 0.127* 0.239**
Calf girth 0.412** 0.574** 0.141* 0.214**
Biacromial breadth 0.208** 0.217** 0.034 0.126*
Bicristal breadth 0.318** 0.489** 0.135* 0.218*
Humerus breadth 0.165** 0.316** 0.105 0.092
Femur breadth 0.367** 0.477** 0.090 0.205**
* p < 0.05; ** p < 0.01
Table 5.1.4 summarizes the correlations between body image measures and some
indices. As with some other anthropometric measures, the strongest associations
were obtained from correlation with the CDRScurrent, in which BMI provided the
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highest correlation for both genders with r = 0.687 (p<0.001) in males and r = 0.665
(p<0.001) in females). The acromiocristale index showed stronger correlation with
all body image measures in females (r = 0.127 to 0.623, p<0.001) compared to
males, which were only significant in correlation with the CDRScurrent (r = 0.221,
p<0.001). The CDRSideal and the CDRSdifferent were not significantly correlated with
any of the indices, particularly in males (except for BMI). Moderate correlation was
found between %BF obtained from D2O and the CDRScurrent in both genders with r
ranging from 0.547 to 687 (p<0.001). Correlations with the BSQ were only fair (r =
0.256 to 0.404, p<0.001) but still greater than the CDRSideal.
Table 5.1.4 Correlation between body image and anthropometric indices in males
and females
BSQ CDRScurrent CDRSideal CDRSdifferent
Males
BMI 0.340** 0.687** 0.115* 0.022
WHR 0.215** 0.401** 0.066 -0.031
WSR 0.317** 0.633** 0.135 0.005
Acromiocristale index 0.070 0.221** -0.033 0.011
%BF D2O 0.312** 0.547** 0.138* 0.140*
Females
BMI 0.408** 0.665** 0.156** 0.207**
WHR 0.067 0.408** 0.164** 0.011
WSR 0.300** 0.331** 0.132* 0.132*
Acromiocristale index 0.198** 0.623** 0.162** 0.127*
%BF D2O 0.331** 0.635** 0.156** 0.247**
* p < 0.05; ** p < 0.01
5.1.3.2 The Prevalence of Body Dissatisfaction and Body Shape Concerns among
Normal-weight and Obese Indonesian Adults
Non-parametric analysis was done by classifying body image measures and obesity,
was and is presented in Tables 5.1.5 and 5.1.6. Among normal-weight males,
applying the %BF category resulted in the highest portion of those who were
satisfied (36.5%) and those who wanted to be larger (51.7%), but the smallest
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portion of those who wanted to be thinner (11.8%). In addition, those who were not
concerned were also the highest portion (71.9%).
Table 5.1.5 Prevalence of body dissatisfaction and body shape concerns in normal-
weight and obese males for different categories of obesity
Body dissatisfaction Body shape concerns
Total#
N (%)
Satisfied
N (%)
Want to
be bigger
N (%)
Want to
be thinner
N (%)
Not
concerned
N (%)
Concerned
N (%)
Total 292 (100) 95 (32.5) 118 (40.4) 79 (27.1) 173 (59.2) 119 (40.8)
Normal-weight
%BF category 203 (70.0) 74 (36.5) 105 (51.7) 24 (11.8) 135 (66.5) 68 (33.5)
BMI category 251 (86.0) 89 (35.5) 117 (46.6) 45 (17.9) 159 (63.3) 92 (36.7)
Waist girth
category
275 (94.2) 92 (33.5) 118 (42.9) 65 (23.6) 169 (61.5) 106 (38.5)
Obese
%BF category 87 (30.0) 21 (24.1) 11 (12.6) 55 (63.2) 36 (41.4) 51 (58.6)
BMI category 41 (14.0) 6 (14.6) 1 (2.4) 34 (82.9) 14 (34.1) 27 (65.9)
Waist girth
category
17 (5.8) 3 (17.6) 0 (0.0) 65 (82.4) 4 (23.5) 13 (76.5)
# : percentage between category within gender
Table 5.1.6 Prevalence of body dissatisfaction and body shape concerns in normal-
weight and obese females for different categories of obesity
Body dissatisfaction Body shape concerns
Total#
N (%)
Satisfied,
N (%)
Want to
be bigger,
N (%)
Want to
be thinner,
N (%)
Not
concerned,
N (%)
Concerned,
N (%)
Total 308 (100) 86 (27.9) 56 (18.2) 116 (53.9) 155 (50.3) 153 (49.7)
Normal-weight
%BF category 164 (53.6) 53 (32.3) 49 (29.9) 62 (37.8) 102 (62.2) 62 (37.8)
BMI category 229 (74.4) 76 (33.2) 55 (24.0) 98 (42.8) 133 (58.1) 96 (41.9)
Waist girth
category
253 (82.1) 74 (29.2) 55 (21.7) 124 (49.0) 135 (53.4) 118 (46.6)
Obese
%BF category 142 (46.4) 33 (23.2) 5 (3.5) 104 (73.2) 51 (35.9) 91 (64.1)
BMI category 79 (25.6) 10 (12.7) 1 (1.3) 68 (86.1) 22 (27.8) 57 (72.2)
Waist girth
category
55 (17.9) 1 (1.8) 12 (21.8) 42 (76.4) 20 (36.4) 35 (63.6)
# : percentage between category within gender
Further classification of obesity in relation to the prevalence of body dissatisfaction
is presented in Figure 5.1.1. Among the severely underweight, a lower percentage
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of females was satisfied (5%) than males (14.3%), but 10% of severely underweight
females still wanted to lose weight. The percentage of those overweight who
wanted to be thinner was higher in females (85.4%) than in males (77.8%), but
those who were satisfied and who were still eager to increase body size were
greater in males, 16.6% and 4.5% compared to 12.2% and 2.4% in females.
Figure 5.1.1 Prevalence of normal-weight and obesity based on BMI among body
dissatisfaction in males and females
Using the %BF classification, about a half of the normal-weight males wanted a
larger body size, which was higher than that for females at 29.7% (Figure 5.1.2). By
contrast, the percentage of normal-weight females who wanted a smaller body size
was more than three times that of males, i.e. 38.2% compared with 11.8% in males.
Numbers of females with high %BF who intended to lose weight were also higher
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than males (69.2% in females, 51.0% in males), but fewer of them were satisfied
(26.4%) and wanted to be bigger (4.4%) compared to males for whom the
proportions were, respectively, 35.3% and 13.7%.
Figure 5.1.2 Prevalence of normal-weight and obesity based on %BF among body
dissatisfaction in males and females
Figure 5.1.3 presents the distribution of underweight, normal, and overweight
among body shape concerns. In comparison to males, fewer females were severely
overweight and concerned about their body (73.7% in females, 82.6% in males).
Females also showed smaller numbers of those who were underweight and
concerned (16.7%, 18.5% in males), but a higher percentage of those who were
severely underweight, normal-weight, and overweight who were concerned about
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their body, i.e. 25.0%, 48.6%, and 58.5%, respectively, while in males, the
percentages were 14.3%, 34.3%, and 55.6%.
Figure 5.1.3 Prevalence of normal-weight and obesity based on BMI among body
shape concerns in males and females
A similar pattern was observed in body shape concerns among %BF classification as
illustrated in Figure 5.1.4. A higher percentage of females with normal %BF were
concerned (38.8%) than males (28.1%) and a higher number of females who had
high %BF were concerned about their bodies (59.3%), compared with 51.0% in
males. However, a smaller proportion of females who had very high %BF (62.0%)
were concerned about their bodies than males (69.4%).
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Figure 5.1.4 Prevalence of normal-weight and obesity based on %BF among body
shape concerns in males and females
5.1.3.3 Association of Body Dissatisfaction and Body Shape Concerns by Age,
Education and Occupation in Indonesian Adults
Body dissatisfaction and body shape concerns were differently distributed among
age groups (Table 5.1.7). Regardless of gender, the proportion of those who were
satisfied increased and those who were wanted to be bigger, as well as those who
wanted to be thinner, decreased with increasing age. The odds ratios to be
dissatisfied were less than one (0.629 and 0.322, p<0.01 in males; 0.457, p<0.05 and
0.181, p<0.01 in females) and decreased with increased age, indicating the
probability to be less dissatisfied at older ages. Compared to those who were not
concerned about themselves, the percentage of those who were concerned tended
to decrease in older adult females (30.2%, whereas it was 57.3% in young adults),
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but remain similar to young adults in males (about 30%). Middle-aged adult females
did not have as great a concern as middle-aged adult males, as shown in the odds
ratios, i.e. 0.952 in females and 2.000 (p<0.05) in males, but older adult females
were three times more likely to be concerned than young adult females (odds ratio:
0.323, p<0.001). Older adult males had no likelihood of being more or less
concerned about themselves (odds ratio: 0.984).
Table 5.1.7 Distribution of body dissatisfaction and body shape concerns among age
groups and the odds ratio
Body dissatisfaction
N (%)
Body shape concerns N
(%)
Satisfied Want to
be bigger
Want to
be thinner
Odds
ratio
Not
concerned
Concerned Odds
ratio
Males
18–30 y 19 (21.6)
(6.5)
43 (48.9)
(14.7)
26 (29.5)
(8.9)
61 (69.3)
(20.9)
27 (30.7)
(9.2)
31–45 y 35 (30.4)
(12.0)
47 (40.9)
(16.1)
33 (28.7)
(11.3)
0.629 61 (53.0)
(20.9)
54 (47.0)
(18.5)
2.000*
46–65 y 41 (46.1)
(14.0)
28 (31.5)
(9.6)
20 (22.5)
(6.8)
0.322** 62 (69.7)
(21.2)
27 (30.3)
(9.2)
0.984
Χ2 12.738 (p = 0.013) 8.094 (p = 0.017)
Females
18–30 y 11 (12.4)
(3.6)
23 (25.8)
(7.5)
55 (61.8)
(17.9)
38 (42.7)
(12.3)
51 (57.3)
(16.6)
31–45 y 30 (24.4)
(9.7)
20 (16.3)
(6.5)
73 (59.3)
(23.7)
0.457* 54 (43.9)
(17.5)
69 (56.1)
(22.4)
0.952
46–65 y 45 (46.9)
(14.6)
13 (13.5)
(4.2)
38 (39.6)
(12.3)
0.181** 67 (69.8)
(21.8)
29 (30.2)
(9.4)
0.323**
Χ2 30.238 (p<0.001) 18.465 (p<0.001)
* p < 0.05; ** p < 0.01; in the brackets: the first row of each age group, prevalences of body body dissatisfaction
or body shape concerns within age group; the second row, prevalences of body body dissatisfaction or body
shape concerns within gender
Tables 5.1.8 and 5.1.9 display the distribution of body dissatisfaction and body
shape concerns among different education levels and occupations respectively, and
the odds ratios. It was clearly observed that the percentage of those who were
satisfied decreased between those with no education to higher education
regardless of gender (Table 5.1.8). Females who wanted to be fatter almost all
217
proportionately had a basic education compared with individuals having higher
education with 18.9% and 19.4%, respectively. In males, the prevalence was higher
and increased from none to basic education and higher education individuals, i.e.
0%, 39.8%, and 42.2% respectively.
Table 5.1.8 Distribution of body dissatisfaction and body shape concerns among
different education and the odds ratio
Body dissatisfaction
N (%)
Body shape Concerns
N (%)
Satisfied Want to
be bigger
Want to
be thinner
Odds
ratio
Not
concerned
Concerned Odds
ratio
Males
None 5 (62.5)
(1.7)
1 (12.5)
(0.3)
2 (25.0)
(0.7)
7 (87.5)
(2.4)
1 (12.5)
(0.3)
Basic
education
53 (43.1)
(18.2)
49 (39.8)
(16.8)
21 (17.1)
(7.2) 2.201
82 (66.7)
(28.1)
41 (33.3)
(14.0) 3.500
Higher
education
37 (23.0)
(12.7)
68 (42.2)
(23.3)
56 (34.8)
(19.2) 5.586*
95 (59.0)
(32.5)
66 (41.0)
(22.6) 4.863
Χ2 20.717 (p<0.001) 3.872 (p = 0.144)
Females
None 9 (60.0)
(2.9)
0 (0.0)
(0.0)
6 (40.0)
(1.9)
13 (87.6)
(4.2)
2 (13.3)
(0.6)
Basic
education
58 (36.5)
(18.8)
30 (18.9)
(9.7)
71 (44.7)
(23.1) 2.917
97 (61.0)
(31.5)
49 (36.6)
(15.9) 4.155
Higher
education
19 (14.2)
(6.2)
26 (19.4)
(8.4)
89 (66.4)
(28.9) 9.079**
49 (36.6)
(15.9)
85 (63.4)
(27.6) 11.276*
Χ2 28.594 (p<0.001) 25.145 (p < 0.001)
* p < 0.05; ** p < 0.01; in the brackets: the first row of each education category, prevalences of body body
dissatisfaction or body shape concerns within age group; the second row, prevalences of body body
dissatisfaction or body shape concerns within gender
The likelihood of being dissatisfied with body shape was greater in more highly
educated individuals regardless of gender (5.6 and 9.1 times in males and females
respectively) than in people with a basic education. Similarly, individuals with a
higher education (high school and college) showed a greater probability to be
concerned about themselves than those with a basic education (primary and
secondary school) for both genders, that was 4.9 times in males and 11.3 times in
females (Table 5.1.8).
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Table 5.1.9 Distribution of body dissatisfaction and body shape concerns among
different occupations and the odds ratio
Body dissatisfaction
N (%)
Body shape concerns
N (%)
Satisfied Want to be
bigger
Want to
be thinner
Odds
ratio
Not
concerned
Concerned Odds
ratio
Males
None 2 (7.4)
(0.7)
15 (55.6)
(5.1)
10 (37.0)
(3.4)
16 (59.3)
(5.5)
11 (40.7)
(3.8)
Employee 37 (33.9)
(12.7)
39 (35.8)
(13.4)
33 (30.3)
(11.3)
0.156* 67 (61.5)
(22.9)
42 (38.5)
(14.4)
0.912
Not
employee
56 (35.9)
(19.2)
64 (41.0)
(21.9)
36 (23.1)
(12.3)
0.143* 101(64.7)
(34.6)
55 (35.3)
(18.8)
0.792
Χ2 10.299 (p = 0.036) 0.475 (p = 0.788)
Females
None 33 (23.2)
(10.7)
28 (19.7)
(9.1)
81 (57.0)
(26.3)
68 (47.9)
(22.1)
74 (52.1)
(24.0)
Employee 4 (11.4)
(1.3)
4 (11.4)
(1.3)
27 (77.1)
(8.8)
2.346 8 (22.9)
(2.6)
27 (77.1)
(8.8)
3.101**
Not
employee
49 (37.4)
(15.9)
24 (18.3)
(7.8)
58 (44.3)
(18.8)
0.579* 83 (63.4)
(26.9)
48 (36.6)
(15.6)
0.531*
Χ2 15.828 (p = 0.003) 19.615 (p<0.001)
* p < 0.05; ** p < 0.01; in the brackets: the first row of each occupation category, prevalences of body body
dissatisfaction or body shape concerns within age group; the second row, prevalences of body body
dissatisfaction or body shape concerns within gender
Table 5.1.9 shows that body dissatisfaction was lower in those who were working as
employees (those who work at private or public office/ government) than those
who were not working as employees (e.g. farmers, merchants, labourers);
particularly in females, which was only 11.4%, compared to males, which was
33.9%. In males, more than a half of unemployed individuals wanted to be bigger, in
contrast to unemployed females of whom 57.0% wanted to be slimmer. There was
not a big difference in those who were concerned and not concerned in the not-
employee category, regardless of gender, but 77.1% of females and 38.5% males
who were employees were concerned about themselves. No significant differences
were found in the likelihood to be concerned about body shape among occupation
type in males. On the other hand, females who were employees were three times
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more likely to be concerned, while those who were not employees were twice as
likely to be not concerned.
5.1.4 Discussion
This study examined associations between body image, anthropometric measures, and
body composition in Indonesian adults. The findings indicated that body image
measures with the BSQ and the CDRS showed fair to moderate correlation with almost
all of the anthropometric measures and %BF. However, despite the low prevalence of
obesity according to BMI classification, body dissatisfaction and body shape concerns
were prevalent among normal-weight Indonesian adults.
The BSQ was significantly related to almost all of the anthropometric measures and
%BF in males and females. Overall, the associations between the BSQ and most of
the anthropometric measures were stronger in females compared to males.
Participants’ perceptions of their current figures were strongly and significantly
related to all anthropometric measures in both males and females. Similar but
weaker associations were found between participants’ ideal body size and
anthropometric measures in males and females. However, there was a variation
between males and females in their ideal body size figures. Among those with
normal weight using BMI category, females were about twice as likely as males to
choose thinner figures than their perceived current figures, suggesting they wanted
to be slimmer. On the other hand, the percentage of females who chose a larger
body size was only a half as compared to the percentage of males. These findings
support the study of Wang and colleagues (2005) among young Caucasian
Australians and those from Chinese and Vietnamese backgrounds (Wang, Byrne,
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Kenardy & Hills, 2005). Wang et al. (2005) reported that females were more likely to
desire a thinner body figure then their current body size figure than males. It may
be that males prefer a larger body size as it may reflect muscularity. As previous
studies suggested, males placed more importance on muscle size and strength than
females (Mellor et al., 2004). A study of young males indicated that
underestimation of body size by males may reflect a tendency to equate large body
size with muscularity and strength, as has been reported among young males in
Latin America (Mellor, McCabe, Ricciardelli & Merino, 2008). Why females want to
lose weight is commonly related to the image that the media promotes associating
beauty with thin bodies, for example, Chinese females want to lose weight since
they believe thinness is good (Luo, Parish & Laumann, 2005).
There were more males than females among individuals with normal weight who
chose the same figures of the ideal as their perceived current body size, meaning
that they were satisfied with their body size. This is consistent with some previous
studies in which females showed greater body dissatisfaction than males (Kruger,
Lee, Ainsworth & Macera, 2012; Lowery, Robinson Kurpius & Befort, 2005; Silva,
Nahas, de Sousa, Del Duca & Peres, 2011; Wang et al., 2005). Body dissatisfaction
was found not only in obese individuals, but was also prevalent among normal-
weight individuals, with males consistently reporting less body dissatisfaction than
females. However, a different tendency was apparent between males and females
in which more females wanted a smaller body size and more males wanted a bigger
body size. This is also present in previous research by Silva et al. (2011) among
Brazilian adults, and also for studies of Americans (Kruger et al., 2008), Europeans
(Ålgars et al., 2009), and Asians (Luo et al., 2005). It was suggested that the media
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strongly influenced the beauty standards for women so that increased body weight
may have a negative impact on appearance perception (Ålgars et al., 2009).
The majority of obese individuals were dissatisfied with their body size and desired
a smaller body size as reported in previous studies (Tarigan, Hadi & Julia, 2005b).
However, this present study lacked data regarding how obese individuals felt about
their state of obesity, and whether, and how they attempted to lose weight. Future
studies are strongly recommended to include these observations. Chang et al.
(2009) reported that some obese individuals perceived themselves as unattractive,
felt ashamed of their body size and were frustrated. Some others feel less effective
in their work performance because of their overweight. However, these negative
effects of excessive weight were not sufficient to stimulate them to lose weight as
was also found among obese adolescents in Indonesia (Tarigan et al., 2005a) and
among migrant South Asians in Britain (Bush et al., 2001).
On the other hand, the present study also found that among obese individuals some
were satisfied with their body size and even wanted a larger body size, with a
greater proportion of males than females in this latter group. About one in seven
obese males and one in eight obese females were satisfied with their body size.
These individuals may feel comfortable with their large body size, despite it putting
them into higher risk for non-communicable diseases. It was suggested that culture
may have an impact on whether individuals think of themselves as being
overweight or obese. Bush et al. (2001) found that some migrant South Asians
equated large body size with health and successful reproduction. This study
suggested that South Asian health beliefs are an important area of resistance to the
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slim ideal. Migrant South Asians tend to equate large size with health, in contrast
with the opposing views of Caucasian (Italian) and general population women.
However, fewer migrant South Asians had tried to lose weight in the past or had
experienced external pressures to change their bodies. It is possible that South
Asian attitudes may be explained by economic and food insecurity in the past (Bush
et al., 2001).
In agreement with previous research, this study also found that more obese females
were not concerned about their own body size than obese males (Mellor et al.,
2004; Timperio, Cameron-Smith, Burns & Crawford, 2000). A limitation of the cross-
sectional design in the current study was the inability to determine a causal
relationship, whether it was obesity first and then lack of concern about their body
size, or vice versa, that lack of concern about their body made them obese. A
previous report indicated that lack of concern about excessive weight contributed
to overweight and obesity. For example, males who are already overweight appear
to be unconcerned about their weight (Timperio et al., 2000). It might also be that
those who were overweight did not perceive themselves as overweight (Coulson,
Ypinazar & Margolis, 2006).
Age has a significant association with body dissatisfaction among Indonesian adults.
Males who were older were three times more likely to be satisfied with their body
shape and females were approximately five times more likely to be satisfied. There
was no tendency of males of older ages to be concerned about body shape, but
females were about three times more likely to be concerned about body shape in
older age. This supports the previous studies by Holsen et al. (2012), Chang et al.
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(2003) and Wang et al. (2005) that there is a significant relationship between age,
gender, and body dissatisfaction. Holsen and colleagues (Holsen, Jones & Birkeland,
2012) found that body image satisfaction increases through adolescence followed
by a stabilizing of the latent curve in adulthood for both genders. Chang and
Christakis (Chang & Christakis, 2003) reported substantial declines in increased
body satisfaction in the years after college but only in females. Body dissatisfaction
may fluctuate during different phases of the adult life span (Ålgars et al., 2009). It
should be taken into consideration that the current study uses normal-weight
individuals to determine the cut-off points for body dissatisfaction and body shape
concerns, whilst lifestyle and body image preference may differ between those who
are normal-weight and those who are obese. Hence, these odds ratios may not
necessarily be similar to those of obese individuals as they may have different
standards of body dissatisfaction and body shape concerns.
Different aspects of body dissatisfaction may have different trends among those of
different age and gender as reported by Gillen (2012). Ålgar et al. (2009) found that
among Finnish older adults, regardless of age, they were less satisfied with their
faces and less likely to consider their bodies well proportioned than younger
participants (Ålgars et al., 2009). According to Gillen and Lefkowitz (2012), among
three aspects of body image, two i.e. appearance evaluation and body areas
satisfaction, showed improvement during growth, but appearance orientation
remained stable. However, a gender distinction existed in which females’
appearance evaluation became more positive, whereas males’ appearance
evaluation showed no significant change. Individuals’ body area satisfaction
increased over time but remained stable when controlling for BMI (Gillen &
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Lefkowitz, 2012). In addition, along age increments, adults might become more
satisfied with some aspects of their bodies and less satisfied with other aspects
(Ålgars et al., 2009). It was suggested that dominant standards for body size have a
major effect on women when they are young (Chang & Christakis, 2003).
Education has a significant influence; the likelihood of both genders being
dissatisfied and concerned about their bodies was greater in those who had
undertaken higher education regardless of gender. Those who were not employees
had less likelihood of being dissatisfied and being concerned than employees. Wang
et al. (2005) in a study among adolescents of Anglo-Celtic Caucasian Australian and
Asian backgrounds found that there were socio-economic and ethnic differences in
body image among participants. Caucasian Australian youth with a high socio-
economic status were more likely to desire a thinner body size than their perceived
current figure. However, there was no linear relationship between socio-economic
status and body image, and no relationship between socio-economic status or
ethnicity and eating problems.
Some other factors considered torelate to body dissatisfaction and eating
behaviours that might be relevant to the population studied include religion,
cultural beliefs, and health-related behaviours. In a US study, Kim (Kim, 2006) found
that religion generally was significantly related to greater body satisfaction and less
dieting. However, specifically negative aspects of religion such as negative
congregation support and negative religious coping were related to lower body
satisfaction and greater dieting. Bush et al. (2001) indicated that there was a
tendency among South Asian migrants to Britain and their descendants to equate
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large size with health, in contrast to the view of the general population women that
a large body size is potentially unhealthy. Healthy health-related behaviours were
reported to be negatively related to body shame and physical dissatisfaction for
both males and females. In addition, positive health-related behaviors were also
negatively related to self-ideal discrepancies for women (Lowery et al., 2005).
The current study had a number of strengths, including the large sample size,
comprehensive anthropometric data measured with an international standard
protocol, and %BF measured with a reference method. At the same time,
limitations must be kept in mind when considering the results. The cross-sectional
design limits the ability to describe the stability of the associations between body
image, anthropometric measures, and %BF across a period of time. In addition,
although the sample was diverse in terms of biological factors, participants were
less varied in demographic characteristics in relation to national demographic
perspectives due to the huge number of ethnicities in Indonesia. Thus, we cannot
generalize the findings to other populations in Indonesia. In addition, the use of a
rating scale in the assessment of body dissatisfaction has been criticized for
coarseness of the scale and for forcing a continuous variable into an ordinal scale
(Gardner et al., 1998). However, precise measurement of body dissatisfaction is
difficult to achieve as body dissatisfaction is a complex construct. Figure rating
scales have some advantages for studies with large sample sizes as they require no
special verbal ability, are economical, simple, and quick to administer. Despite these
limitations, however, the current study has important implications for research and
practice. To our knowledge, this is the first study examining relationships between
body image and comprehensive anthropometric measures and %BF in an
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Indonesian adult sample hence, it makes a substantive contribution to the empirical
literature. Future studies may build on this study to better understand body image
fluctuation in Indonesian adult populations over a period of time, along with the
changing environment which may influence body image. In terms of practice, the
findings provide suggestions for intervention development, particularly to groups of
participants with a distorted body image and those who were dissatisfied with their
body despite their normal-weight body range.
In conclusion, our study found that body image measures with the BSQ and the
CDRS showed fair to moderate correlation with almost all of the anthropometric
measures and %BF in Indonesian adults. However, despite the low prevalence of
obesity according to BMI classification, body dissatisfaction and body shape
concerns were prevalent among normal-weight Indonesian adults. Campaigns
raising awareness in Indonesian adults about the body and encouraging a healthy
body image are, therefore, necessary. Moreover, our study identified groups of
participants with a distorted body image, which were those with a desire for a
bigger body size despite being obese and those with a desire for a smaller body size
despite being underweight. Public health interventions are necessary to target
these groups as they are at a greater risk of developing health problem associated
with obesity or malnutrition. Age, education, and occupation had a significant
influence on body image among Indonesian adults.
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5.2 EATING BEHAVIOURS OF INDONESIAN ADULTS IN RELATION TO
ANTHROPOMETRY AND BODY COMPOSITION
5.2.1 Introduction
Eating behaviours in populations have been extensively studied. Eating behaviours
may influence food intake which may then develop into obesity (Moreira & Padrão,
2006; Wansink & Payne, 2008). Unhealthy eating behaviours may result in eating
disorders, the prevalence of which increases over time. Previous studies have
indicated that unhealthy eating behaviours were related to body dissatisfaction and
a perception of being overweight (Aşçi et al., 2006). High BMI is also positively
related to specific eating habits such as supersized portions of food, eating while
doing another activity, and consumption of soft drink and fast food (Liebman et al.,
2003). Studies have also reported that Asian populations had a lower prevalence of
eating disorders compared with Western populations (Cummins et al., 2005).
However, there is little information about the association between eating
behaviours, disorders in eating behaviours and BMI or obesity in the Indonesian
population.
This study aimed to examine eating behaviours in Indonesian adults and its association
with anthropometry and body composition.
5.2.2 Methodology
5.2.2.1 Participants
The details of the participants are presented in section 3.1.2.1.
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5.2.2.2 Anthropometric and Body Composition Measurements
Please refer to section 3.1.2.2.
5.2.2.3 Measurement of Eating Behaviours
Eating behaviours were measured using the EHQ (Coker and Roger, 1989). The
instrument consists of 56 questions with “yes or no” answers, asking about
participants’ behaviours and eating patterns in their life, for example: “I enjoy eating”,
“I often skip meals”, “I often engage in dieting”. Some questions ask about weight and
shape concerns, for example: “I rarely weigh myself”, “I am not satisfied with my body
shape”. Validity and reliability testing in the present study indicated good reliability and
validity for the instrument to be used in the population studied. The details of the test
were reported in section 4.2.
5.2.2.4 Statistical Analysis
Descriptive analyses were applied to present general information about the eating
behaviours of the population. The relationship between the EHQ, anthropometric
measures, and body composition were analysed using Spearman Rho correlation
analysis. The EHQ subscales were calculated, i.e. weight/dieting, restraint, and
overeating subscales. The subscales were derived from the questions based on the
study of Coker and Roger (1990):
Weight/dieting subscale: questions number 25, 50, 37, 43, 8, 38, 12, 20, 40, 34, 14,
47, 32, 44, 54, 56, 15, 30, 39, 22, 10, 26, 24, 27, 57, 36, 45, and 49.
Restraint subscale: questions number 5, 18, 7, 23, 11, 16, 29, 52, 33, 4, 1, 53, 2, 14,
and 17.
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Overeating subscale: questions number 31, 46, 21, 51, 19, 41, 3, 48, 35, 55, 13, 6, 9,
and 28.
Correlation analysis of Spearman Rho was performed to find associations between
the EHQ total score and its subscales with anthropometric measures and body
composition for each gender. Statistical analyses were done using the SPSS program
(version 19.0, SPSS Inc., 2010, Chicago, IL) with p value of p<0.05 regarded as
significant.
5.2.3 Results
Table 5.2.1 presents the average scores of the EHQ and its subscales, i.e. dieting,
restraint, and overeating subscales. Females showed greater (p<0.001) averages of
total scores of the EHQ (21.73 ± 5.85) than males (18.28 ± 5.81). All the EHQ
subscale scores were also greater for females than males (p = 0.01 and p<0.001).
This indicated that females might pay greater attention to eating behaviours.
Table 5.2.1 Mean of the EHQ and EHQ subscales of the participants
Males Females
Mean ± SD Mean ± SD p
N 292 308
EHQ 18.28 ± 5.81 21.73 ± 5.85 < 0.001
Dieting subscale 8.40 ± 3.71 10.83 ± 4.02 < 0.001
Restraint subscale 4.57 ± 2.00 5.00 ± 2.03 0.010
Overeating subscale 5.35 ± 2.31 6.21 ± 2.19 < 0.001
The EHQ total score was significantly (mostly p<0.01) correlated with skinfold
thickness in all sites regardless of gender as shown in Table 5.2.2. Restraint
subscales had no correlation to most of the skinfold thicknesses; dieting subscales
were the only EHQ subscale with significant correlations to skinfold thickness at all
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sites in both genders (r from 0.2 to 0.3). Overeating subscales showed significant
correlation with some skinfolds in males only but not in females.
Table 5.2.2 Correlation between eating behaviours and skinfold thickness in males
and females
EHQ Dieting
subscale
Restraint
subscale
Overeating
subscale
Males
Stature -0.033 -0.058 0.072 -0.096
Body weight 0.153** 0.253** -0.072 0.094
Triceps 0.237** 0.297** -0.006 0.168**
Subscapular 0.206** 0.277** -0.006 0.162**
Biceps 0.191** 0.264** -0.001 0.096
Iliac crest 0.225** 0.292** 0.022 0.136*
Supraspine 0.196** 0.251** 0.006 0.146*
Abdominal 0.214** 0.288** 0.018 0.130*
Front thigh 0.223** 0.283** 0.018 0.122*
Medial 0.219** 0.292** 0.016 0.097
Sum of 8 skinfolds 0.233** 0.303** 0.013 0.149
Females
Stature 0.089 0.390 0.102 0.025
Body weight 0.252** 0.282** 0.098 0.057
Triceps 0.233** 0.284** 0.073 0.064
Subscapular 0.218** 0.292** 0.021 0.025
Biceps 0.238** 0.281** 0.100 0.023
Iliac crest 0.198** 0.257** 0.036 0.055
Supraspine 0.177** 0.219** 0.050 0.053
Abdominal 0.130* 0.174** 0.049 0.014
Front thigh 0.223** 0.302** 0.073 0.038
Medial 0.258** 0.304** 0.130* 0.040
Sum of 8 skinfolds 0.235** 0.297** 0.071 0.044
* p < 0.05; ** p < 0.01
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Table 5.2.3 Correlation between eating behaviours and girth and breadth measures
in males and females
EHQ Dieting
subscale
Restraint
subscale
Overeating
subscale
Males
Arm girth relaxed 0.172** 0.295** -0.119 0.130*
Arm girth flexed 0.161** 0.291** -0.122 0.103
Waist girth 0.192** 0.291** -0.107 0.196**
Gluteal girth 0.146* 0.245** -0.093 0.097
Calf girth 0.137* 0.231** -0.053 0.081
Biacromial breadth 0.167** 0.153** 0.075 0.062
Bicristal breadth 0.122* 0.220** -0.062 0.089
Humerus breadth 0.041 0.108 -0.084 0.027
Femur breadth 0.174** 0.196** -0.008 0.129
Females
Arm girth relaxed 0.198** 0.242** 0.031 0.054
Arm girth flexed 0.181** 0.227** 0.010 0.054
Waist girth 0.214** 0.242** 0.051 0.078
Gluteal girth 0.247** 0.295** 0.115* 0.031
Calf girth 0.231** 0.269** 0.064 0.073
Biacromial breadth 0.128* 0.115* 0.095 0.008
Bicristal breadth 0.144* 0.192** 0.034 -0.008
Humerus breadth 0.131* 0.154** -0.031 0.083
Femur breadth 0.191** 0.236** 0.113 0.002
* p < 0.05; ** p < 0.01
The EHQ total score was weak but significantly (p<0.01) correlated with BMI, WHR,
and WSR in males and with BMI and the acromiocristale index (p<0.01) in females
(Table 5.2.4). These similar indices in males also had significant (p<0.01) correlations
with dieting and overeating subscales in males. In females, correlations were found
between the dieting subscale and BMI and the acromiocristale index (p<0.01). None
of the restraint and overeating subscales correlated with these indices in females.
Percentages of body fat obtained from D2O and from anthropometric equations
were also significantly (p<0.01) correlated with the EHQ total score (r = 0.143 to
0.230) and the dieting subscale (r = 0.193 to 0.323) in males and females. Whereas,
the over-eating subscale significantly (p<0.05 and p<0.01) correlated to %BF in
males only.
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Table 5.2.4 Correlation between eating behaviours and anthropometric indices in
males and females
EHQ Dieting
subscale
Restraint
subscale
Overeating
subscale
Males
BMI 0.194** 0.319** -0.117 0.167**
WHR 0.152** 0.223** -0.064 0.203**
WSR 0.199** 0.308** -0.124 0.221**
Acromiocristale index -0.020 0.083 -0.116 0.018
%BF D2O 0.205** 0.265** 0.014 0.129*
Females
BMI 0.234** 0.284** 0.061 0.067
WHR 0.092 0.089 -0.056 0.116
WSR 0.039 0.105 -0.054 -0.009
Acromiocristale index 0.179** 0.226** 0.009 0.068
%BF D2O 0.195** 0.256** 0.060 0.023
* p < 0.05; ** p < 0.01
5.2.4 Discussion
The current study found significant correlations between eating behaviours
measured with the EHQ, anthropometric measures and %BF in Indonesian adults.
The dieting subscale was among the EHQ subscales, which was most significantly
associated with anthropometric measures and %BF. In addition, females showed a
greater potential for developing disorders of eating behaviours compared to males.
This was shown in the higher scores of the EHQ, as well as the dieting and
overeating subscales. The results supported previous studies that females showed a
greater potential for developing disorders of eating behaviours (Hearty et al., 2007).
Most of the anthropometric measures were significantly correlated with the EHQ
total score and dieting subscale in both genders. The restraint subscale seemed not
to have a significant correlation with most of the anthropometric measures,
regardless of gender. The overeating subscale showed some significant correlations
with the anthropometric measures in males, but not in females. Among the indices,
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BMI was the only index which had a significant association with the EHQ total score
and the dieting subscales. These results support many previous studies that
suggested that BMI may be associated with eating disorders (Slevec & Tiggemann,
2011; Wilson, Tripp & Boland, 2005). In a meta-analysis review of research on
factors associated with body dissatisfaction and disordered eating in middle-aged
females, Slevec and Tiggemann (2011) indicated that BMI associated with body
dissatisfaction and eating disorders in many studies. This present study indicated
that %BF, regardless of whether it was obtained from D2O or from any of the
anthropometric equations, was as strongly associated with eating behaviours as
was BMI.
A number of factors have been found to predispose individuals to weight and
dieting concerns such as ethnicity, acculturation, clinical status, and socio-economic
levels (Wildes, Emery & Simons, 2001). In a meta-analysis study consisting of more
than seventeen thousand participants of white, black, Asian, and other ethnicities,
Wildes et al. (2001) suggested that white populations appear to report greater
levels of eating disturbance than non-white populations. They also reported that
socio-cultural variables, such as ethnic group membership, play a more significant
role in influencing the development of subclinical eating disturbance than they do in
influencing the development of clinical eating pathology. Moreover, certain ethnic
groups may be less prone to the development of eating pathology than others and
differences between whites and non-whites in measures of eating disturbances may
vary by sample type even within western countries (Wildes et al., 2001). Kim (2006)
suggested that religion may affect body satisfaction and dieting, for example,
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through altering conceptions of self-worth. Specifically negative aspects of religion
were related to lower body satisfaction and greater dieting.
It has been suggested that there is a relationship between body dissatisfaction and
eating disorders (Nouri, Hill & Orrell-Valente, 2011). Stice and Shaw (2002)
reviewed some prospective and experimental studies on this association and
indicated that body dissatisfaction was a primary risk factor for the development of
eating disorders and was mediated by the increase dieting and negative effect of
body dissatisfaction e.g. overeating or vomiting as compensatory behaviours. The
review supports the claim that socio-cultural processes foster body dissatisfaction,
which in turn increases the risk for bulimic pathology. Nouri et al. (2011) found that
Asian Americans may be employing unhealthy weight control behaviour, and may
be prone to developing eating disorders, at rates similar to European American
young adult females since both ethnicities had similar body dissatisfaction levels.
Misperceptions of body size might also put both normal and overweight individuals
at risk of eating disorders (Andrade, Raffaelli, Teran-Garcia, Jerman & Garcia, 2012).
Perceiving oneself as overweight among normal-weight individuals was associated
with eating disorders and unhealthy weight loss practices (Andrade et al., 2012;
Cachelin, Monreal & Juarez, 2006; Liechty, 2010). Female participants in the current
study who were underweight and even severely underweight who wanted a smaller
body size will likely face the same risks for eating disorders. On the other hand,
overweight and obese individuals who underestimate their size are resistant to
weight loss efforts or seeking medical assistance and are at risk of obesity-related
diseases (Andrade et al., 2012; Brener, Eaton, Lowry & McManus, 2004). Similarly,
there were overweight males and females in the present study who were satisfied
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or even wanted a larger body size. These findings provide suggestions for health
intervention targeting these people.
The strengths of this study were the large sample size, wide-ranging anthropometric
measures, and a reference %BF measurement. Limitations of the current study
were related to the cross-sectional design, which cannot establish temporal
relationships between eating behaviours, anthropometric measures, and %BF. In
addition, it is difficult to generalize the findings to other populations due to the
complexity of Indonesian ethnicities. Future studies should include assessment of
eating behaviours in a broader area and include multi-ethnicities to represent the
Indonesian population as a whole.
In conclusion, our study found that eating behaviours measured with the EHQ showed
significant correlation with anthropometric measures and %BF in Indonesian adults.
Among the EHQ subscales, the dieting subscale was the most significantly associated
with anthropometric measures and %BF. In comparison to males, females showed a
greater potential for developing disorders of eating behaviours as shown in the higher
EHQ scores, as well as in the dieting and overeating subscales.
5.3 PHYSICAL ACTIVITY OF INDONESIAN ADULTS IN RELATION TO
ANTHROPOMETRY AND BODY COMPOSITION
5.3.1 Introduction
Increased body fatness and decreased physical fitness predispose people to several
diseases (Hui et al., 2005; Sacheck et al., 2010). Many studies have shown that
physical activity varies between race/ethnicity, age, gender, environment, and
socio-economic level (Hawkins et al., 2009; Ortiz-Hernandez & Ramos-Ibanez,
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2010). Literature indicates the advantages of physical activity to improve health
through healthier body composition (den Hoed & Westerterp, 2008; Heitmann et
al., 2008; Lohman et al., 2008). However, several studies also indicated an unclear
relationship between physical activity and BMI. Association of physical activity and
health-related quality of life varies and is independent of BMI (Aires et al., 2010;
Blanchard, Stein & Courneya, 2009). To date, only a small amount of data has been
reported on physical activity in Indonesian adults.
The Indonesian Ministry of Health reported that approximately 48.2% of Indonesian
adults did not meet the guidelines for physical activity. Very few studies have
investigated physical activity among Indonesian adults, particularly in relation to its
association with anthropometry and body composition. The lack of studies
regarding some factors including physical activity which may be associated with
anthropometry and body composition makes it difficult to monitor national trends,
make comparisons between studies, and to provide sufficient information for
decision makers in public health policy.
This study aimed to examine physical activity in Indonesian adults in relation to
anthropometry and body composition.
5.3.2 Methodology
5.3.2.1 Participants
Details of participants are presented in section 3.1.2.1.
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5.3.2.2 Anthropometric and Body Composition Measurement
Anthropometric and body composition measurements are described in detail in
section 3.1.2.2.
5.3.2.3 Measurement of Physical Activity
Physical activity level was assessed using a self-report instrument, the IPAQ
(www.IPAQ.ki.se). The IPAQ (questionnaire) was administered to all participants
under the supervision of trained interviewers. Supervision was needed in the
completing of this questionnaire to help participants particularly in determining the
intensity of the activities which were categorized as moderate or vigorous as well as
in determining to which domains the activities were categorized.
The questionnaire was back-translated to the Indonesian language and the validity
and reliability was examined in a sample population. The study showed that this
instrument was reliable to be used for Indonesian adults. Details of the validity and
reliability are described in section 3.3.
The IPAQ long form comprises 27 questions clustered into 5 parts representing the
domains, i.e. job-related physical activity; transportation physical activity;
housework, house maintenance, and caring for family; recreation, sport, and
leisure-time physical activity, and time spent sitting. Time spent doing the activity
should be a minimum of 10 minutes and the activity should have been done in the
last 7 days. Total time spent for the activities over 7 days of activity was calculated
for each domain and then added together to produce a total activity score.
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5.3.2.4 Statistical Analysis
The total energy spent was determined in metabolic equivalent (MET)-
minute/week. The energy cost of activities was estimated using the Compendium
(Ainsworth et al., 2011). The scoring of the data derived from the instrument was
determined using the protocol as recommended in the IPAQ Guidelines for data
processing (www.IPAQ.ki.se).
Descriptive analysis was used to present general information about physical activity
levels and all of the domains. Spearman Rho analysis of correlation was performed
to find relationships between physical activities and anthropometric and body
composition measurements. Statistical analyses were done using the SPSS program
(version 19.0, SPSS Inc., 2010, Chicago, IL) with p values of p<0.05 regarded as
significant.
5.3.3 Results
In contrast to the BSQ and the EHQ total score, which was higher in females, the
IPAQ total score was greater (p<0.01) in males (Table 5.3.3.1). The work domain
score of the IPAQ was double for males (1244 ± 607 in males, 577 ± 476 in females,
p<0.01), on the other hand, the home/yard gardening domain score for males was
about a half of that for females (498 ± 275 in males, 937 ± 362 in females, p<0.01).
There were no significant differences were found for transportation and leisure
time domains.
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Table 5.3.1 Mean of physical activity level and the domains of physical activity of
the participants
Males Females pMean (SD) Mean (SD)
N 292 308
IPAQ total score (MET-min/wk) 2378 ± 659 2070 ± 543 < 0.001
Work domain 1244 ± 607 577 ± 476 < 0.001
Transportation domain 480 ± 429 441 ± 342 0.223
Home/yard gardening domain 498 ± 275 937 ± 362 < 0.001
Leisure time domain 156 ± 220 115 ± 154 0.009
Table 5.3.1 presents the correlations between skinfold thickness and physical
activity measured with the IPAQ and its four domains. There were negative and
significant associations (p<0.01) between skinfold thickness at all sites and the IPAQ
total score, work, transportation, and leisure time domains. Negative correlations
were also found between skinfold thickness and the home/yard gardening domain
in males, however, no statistical significances were observed. Females showed
more variety in the strength and significance of the correlations, but overall these
were less than for males. In females, significant correlations were found between
the IPAQ total score and skinfold thicknesses at all sites except the subscapular. On
the other hand, no significant correlations were found between the transportation
domain and all skinfold thickness. The leisure time activity domain also correlated
(p<0.001) with all the skinfold thicknesses except for front thigh and medial calf.
Home/yard gardening and work domains only correlated with several skinfold sites.
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Table 5.3.2 Correlation between physical activity level, stature, body weight, and
skinfold thickness in males and females
IPAQ Work
domain
Transportation
domain
Home/yard
domain
Leisure time
domain
Males
Stature -0.226** 0.158** -0.102 -0.122* 0.159**
Body weight -0.374** -0.251** -0.211** -0.131* -0.190**
Triceps -0.408** -0.239** -0.298** -0.097 0.230**
Subscapular -0.379** -0.230** -0.263** -0.087 0.163**
Biceps -0.385** -0.245** -0.264** -0.104 0.246**
Iliac crest -0.394** -0.231** -0.269** -0.068 0.210**
Supraspine -0.398** -0.241** -0.301** -0.074 0.202**
Abdominal -0.391** -0.219** -0.244** -0.098 0.195**
Front thigh -0.430** -0.258** -0.296** -0.089 0.257**
Medial -0.410** -0.248** -0.276** -0.096 0.216**
Sum of 8 skinfolds -0.425** -0.251** -0.293** -0.097 0.220**
Females
Stature -0.190** -0.038 -0.206** 0.146* 0.045
Body weight -0.177** -0.049 -0.086 0.149** 0.134*
Triceps -0.113* -0.054 -0.039 -0.079 0.173**
Subscapular -0.095 -0.093 0.019 -0.033 0.164**
Biceps -0.120* -0.071 -0.050 -0.088 0.210**
Iliac crest -0.188** -0.133* -0.049 -0.114* 0.237**
Supraspine -0.190** -0.114* -0.038 -0.128* 0.197**
Abdominal -0.158** -0.090 -0.055 -0.065 0.187**
Front thigh -0.190** -0.085 -0.101 -0.116* 0.095
Medial -0.217** -0.180 -0.097 -0.135* 0.076
Sum of 8 skinfolds -0.174** -0.100 -0.054 -0.105 0.193**
* p < 0.05; ** p < 0.01
Total physical activity level was significantly related to stature and body weight
regardless of gender. Stature and body weight were also significantly related with
all domains, except transportation and stature in males. Most of the girth measures
showed significant (mostly p<0.01) correlation with the IPAQ total score, work,
transportation, home/yard gardening (except for arm girth relaxed and flexed), as
well as leisure time domains (except for arm girth relaxed) in males as displayed in
Table 5.3.3. In females, significant relationships were only found between the IPAQ
total score and some girth and breadth measures, and between the leisure time
activity domain and all girth measures except calf girth (p<0.05).
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Table 5.3.3 Correlation between physical activity level and girth and breadth
measures in males and females
IPAQ Work
domain
Transportation
domain
Home/yard
domain
Leisure time
domain
Males
Arm girth relaxed -0.262** -0.154** -0.166** -0.088 0.078
Arm girth flexed -0.266** -0.151* -0.156** 0.081 -0.198**
Waist girth -0.346** -0.241** -0.161** 0.119* -0.238**
Gluteal girth -0.377** -0.267** -0.210** 0.224** -0.293**
Calf girth -0.344** -0.225** -0.232** 0.172** -0.293**
Biacromial breadth -0.164** -0.102 -0.070 0.117* -0.140*
Bicristal breadth -0.312** -0.226** -0.172** 0.183** -0.189**
Humerus breadth -0.088 -0.100 -0.058 0.072 -0.044
Femur breadth -0.236** -0.167** -0.222** 0.177** -0.171**
Females
Arm girth relaxed -0.026 0.005 0.039 -0.065 0.131*
Arm girth flexed -0.030 0.003 0.032 -0.053 0.126*
Waist girth -0.125* -0.094 0.013 -0.069 0.133*
Gluteal girth -0.197** -0.051 -0.099 -0.169 0.133*
Calf girth -0.151** -0.035 -0.098 -0.107 0.078
Biacromial breadth -0.117* -0.049 -0.057 -0.075 0.024
Bicristal breadth -0.083 -0.035 -0.010 -0.070 0.103
Humerus breadth 0.114* 0.123* 0.068 0.043 -0.105
Femur breadth -0.166** 0.028 -0.131* -0.153 0.005
* p < 0.05; ** p < 0.01
The relationship between physical activity measures and anthropometric indices
including BMI, WHR, WSR, and acromiocristale index are presented in Table 5.3.4.
Significant correlations were observed between the IPAQ total score and the work
domain with all of the indices in males (p<0.05 and p<0.01). In males, BMI was also
significantly related with transportation (p<0.01) and leisure time activity (p<0.05)
domains. In females BMI correlated (p<0.05) with the IPAQ total score, home/yard
gardening, and leisure time activity domains. There were no significant correlations
between the other indices and any of the physical activity measures in females,
except between the WSR and the leisure time activity domain (p<0.05).
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Table 5.3.4 Correlation between physical activity level and anthropometric indices
in males and females
IPAQ Work
domain
Transportatio
n domain
Home/yard
domain
Leisure time
domain
Males
BMI -0.300** -0.201** -0.178** -0.089 0.115*
WHR -0.145* -0.120* -0.007 -0.028 -0.019
WSR -0.259** -0.186** -0.110 -0.033 0.048
Acromiocristale index -0.176** -0.141* -0.092 -0.033 0.071
%BF D2O -0.357** -0.245** -0.226** -0.014 0.130*
Females
BMI -0.122* -0.041 -0.006 -0.115* 0.119*
WHR -0.013 -0.110 0.109 0.056 0.068
WSR -0.072 -0.084 0.072 -0.036 0.118*
Acromiocristale index -0.026 -0.039 0.002 0.003 0.097
%BF D2O -0.225** -0.189** -0.020 -0.119* 0.194**
* p < 0.05; ** p < 0.01
The IPAQ total score and all domains except home/yard gardening domain
significantly correlated with %BF obtained from D2O in males. In females, significant
correlations were found between the IPAQ total score and all of the domains,
except the transportation domain.
5.3.4 Discussion
This present study examined the physical activity level of Indonesian adults
measured with the IPAQ long form. The results indicated that males had a stronger
association between physical activity and anthropometric measures. Total physical
activity and all the domains except the home/gardening work domain were
significantly related with most of the anthropometric measures in males. Females
showed less significant relationships between total physical activity levels as well as
all the domains, except the leisure time activity domain. Males had greater scores in
the work activity domain, whereas females exceeded males in the home/yard
gardening activity domain.
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All of the indices calculated, BMI, WHR, WSR, and acromiocristale indices were
significantly related to total physical activity in males, but only BMI had significant
association with total physical activity in females. Compared to BMI, %BF showed
better correlation with total physical activity as well as with the domains, regardless
of gender.
The average physical activity of this population regardless of gender showed high
physical activity levels in agreement with previous reports that in 8 of 20 country
surveys, high physical activity levels were reported for over half of the adult
population (Bauman et al., 2009). Moreover, males more frequently reported high
PA than females in 17 of 20 countries. Gender differences were noted, males were
more active than females in most countries, especially at a young age.
The present study found that physical activity in general and in all domains except
home/yard gardening activity also related significantly to the majority of %BF
obtained from D2O in males. However, only overall physical activity and leisure time
activity domain was significantly related to all %BF measures in females. This
supports a previous study by Brock and colleagues (2009) that insufficient physical
activity level is a significant predictor of obesity (Brock et al., 2009). However, a
study by Block and colleagues (Block et al., 2009) indicated that individuals who met
recommendations through vigorous activities had a significantly lower percentage
of body fat than those who did not, while meeting recommendations only through
moderate activities was not associated with percentage of body fat. Moreover,
evidence indicated that increased fat mass and fat percentage were strong
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predictors of poorer physical fitness (Mattila, Tallroth, Marttinen & Pihlajamäki,
2007).
Kruger et al. (2012) reported that body size satisfaction may be an important factor
associated with physical activity. A national survey on physical activity and weight
loss among US adults indicated that more than half of men (55.8%) and women
(53.3%) who reported being very satisfied with the body size were regularly active.
Irrespective of actual weight, those who were satisfied with their body size were
more likely to engage in regular physical activity than those who were less satisfied.
In a study among American populations (Lowery et al., 2005) reported that in men
and women who exercised regularly, women exhibited a more negative body
image, particularly body surveillance and self-ideal discrepancy. In addition, women
who regularly exercised did not have a more positive body image than women who
did not regularly exercise. It is possible that women who exercise regularly may
intend to feel more physically attractive and to increase their perceptions of others
viewing their bodies more positively, however, exercising does not appear to make
them feel any better about their bodies. On the other hand, it may be that men who
exercise are trying to gain weight and be more muscular. With the emphasis on
becoming larger, working out may be less of a punishment and more of confidence
building experience.
Physical activity decreases with age for both men and women regardless of
racial/ethnic groups with men being more active than women, with the exception of
Hispanic women. It is also suggested that age and education have an association
with physical activity levels (Borodulin, Laatikainen, Lahti-Koski, Pekka & Lakka,
245
2008). In men and women, age had an inverse association with conditioning
physical activity but not with daily and overall leisure activity. Strong direct
associations were found between education and conditioning and overall leisure
activity. Fairly similar levels of overall and daily leisure-time physical activity were
found in all age groups in adults, but the levels differ across educational groups.
Hence, groups with lower education levels should be given more emphasis in health
promotion. Shibata et al. (2009) in a study in the Japanese adult population found
that gender, employment status, age, marital status, and educational level were
statistically significant. In men, being employed and in women, being 30 to 39 years
of age was negatively associated with meeting recommendations for physical
activity. Being male, being a married woman, and having a college education or
higher for women, was positively correlated with meeting recommendations for
physical activity (Shibata, Oka, Harada, Nakamura & Muraoka, 2009). Nyholm and
colleagues (Nyholm, Gullberg, Haglund, Råstam & Lindblad, 2008) found that higher
levels of education and leisure-time physical activity were associated with
protective effects on obesity in both men and women. It is indicated, however, that
variables associated with leisure-time physical activity differed between normal-
weight, overweight, and obese individuals (Hallal et al., 2008).
The associations between gender, age, and education level and physical activity
levels tended to be stronger among normal-weight individuals compared with
overweight and obese individuals. Among the obese, most associations were not
significant. Among normal-weight individuals, higher physical activity levels were
observed in men, young adults, and those with higher education (Hallal et al., 2008).
Sugiyama and colleagues (2008) found that a similar risk of being overweight or
246
obese existed among those who spent more time in sedentary behaviours (even
though sufficiently physically active) and those who were insufficiently active (but
spent less time in sedentary behaviour) (Sugiyama, Healy, Dunstan, Salmon &
Owen, 2008). Hence, reducing leisure-time sedentary behaviours may be as
important as increasing leisure-time physical activity as a strategy to prevent
obesity in adults.
Association between physical activity and obesity varies with ethnicity and gender.
For example, physical inactivity was found to be a predictor of obesity in both the
Aboriginal and non-Aboriginal samples in an Australian study (Katzmarzyk, 2008).
Being insufficiently physically active is still a significant predictor of the existence of
obesity, even after controlling for age, gender, race, and median household income,
as reported in a study by Brock et al. (Brock et al., 2009) of a US population. A study
on physical activity domains among Brazilian adults by Florindo et al. (Florindo et
al., 2009) also found that insufficient level of physical activity in leisure was
associated with gender (i.e. female), older age, low education level, non-white
ethnic, smoking, and self-reported poor health. Activity in occupational settings was
associated with gender (i.e. female), white skin colour, high education level, self-
reported poor health, non-smoking, and obesity. Activity in transportation settings
was associated with female gender; and in household settings, with male gender,
separated, or widowed status and high education level. However, Hagstromer et al.
(2007) indicated that despite age, BMI, and gender differences in physical activity
levels, physical inactivity could not be explained by these variables. It might be that
the nature and measurement issues of the instruments measuring physical activity
in adults may yield different values and activity patterns (Leskinen et al., 2009).
247
On the other hand, Cook et al. (2009) in a sample of adult rural African women
found that age, educational level and health status were not related to physical
activity index level. However, a significant negative, linear trend existed between
the physical activity index level and adiposity level. Regular physical activity seems
to be an important factor in preventing the accumulation of high-risk fat over time,
even after controlling for genetic liability and childhood environment (Cook, Alberts
& Lambert, 2009). Therefore, the prevention and treatment of obesity should
emphasize the role of regular leisure-time physical activity.
Moreover, economically disadvantaged and racial/ethnic minority populations have
substantial environmental challenges to overcome to become physically active, to
acquire healthy dietary habits, and to maintain a healthy weight. For example,
residents living in poorer areas have more environmental barriers to overcome to
be physically active (Taylor et al., 2006). However, the strength of the association
between certain types of sedentary behaviour and BMI in US populations varies
according to time spent in certain types of physical activity and vice versa as has
been reported by Dunton et al. (Dunton, Berrigan, Ballard-barbash, Graubard &
Atienza, 2009).
Evidence indicated that vigorous physical activity may have a greater effect on
preventing obesity in adolescents. Abdominal adiposity was negatively associated
with moderate, vigorous, and average physical activity, whilst, total body fat was
negatively associated with vigorous, moderate and average physical activity.
Adolescents who engaged in at least 60 minutes per day in moderate to vigorous
physical activity presented lower levels of total and central body fat (Moliner-
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urdiales et al., 2009). Furthermore, a study by Mustelin et al. (2008) showed that
physically active individuals were leaner than sedentary ones, and physical activity
reduced the influence of genetic factors to develop high BMI and WC. This suggests
that the individuals at greatest genetic risk for obesity would benefit the most from
physical activity (Mustelin, Pietilainen, Rissanen, Silventoinen & Kaprio, 2009).
However, as Kruger et al. (2008) indicated, despite people’s intentions to lose or
maintain their weight, the majority of adults do not engage even in the minimum
recommended level of physical activity (Kruger et al., 2008).
This study is the first to assess the relationship between physical activity,
anthropometric measures, and %BF. Our study indicated fair to moderate
significant and negative correlations between physical activity levels and
anthropometric measures and %BF, particularly in males. The strength of this study
was the large sample size, comprehensive anthropometric data taken with an
internationally accepted method, and the use of a reference %BF measure. Several
limitations, however, should be considered. Firstly, the use of a self-report
questionnaire as the only method to assess physical activity levels presents several
limitations due to the limited ability of self-report assessment to accurately
measure physical activity. Self-report methods rely on participants’ memory, hence,
are prone to inaccuracy, and are particularly prone to socially desirable responding.
Moreover, participants may misinterpret the questions and have difficulty in
accurately recalling the time or intensity of the physical activity performed
(Valanou, Bamia & Trichopoulou, 2006). However, self-report measures are the
most beneficial method for their ability to collect data from a large number of
people at low cost (Sallis & Saelens, 2000). To minimize the bias, an internationally
249
accepted self-report questionnaire was used in our study, namely the IPAQ. The
IPAQ has been reported to be valid and reliable to measure physical activity levels in
some studies against criterion methods for measuring energy expenditure (Brown
et al., 2004; Craig et al., 2003; Hallal et al., 2004; Maddison et al., 2007). Moreover,
the IPAQ was translated using the back-translation procedures recommended for
the IPAQ and the translated questionnaire was also examined for reliability and
validity in the pilot study. However, this study was lacking in more objective
measures of physical activity for cross-validation of the translated IPAQ. Doubly
labelled water, indirect, or direct calorimetry techniques provide precise methods
for the estimation of the energy expended throughout a 24-hour period (Valanou et
al., 2006). Future studies need to include the use of these techniques to validate the
total energy estimated from the self-report measures.
In summary, Indonesian adults showed high physical activity levels regardless of
gender, and males showed higher physical activity level than females. There were
fair to moderate significant and negative correlations between total physical activity
levels and all the domains except for the home/gardening work domain and most of
the anthropometric measures in males. In females, fair significant and negative
correlations were only found between total physical activity levels and the leisure
time activity domain and some anthropometric measures and %BF. Males also
showed stronger association between physical activity and anthropometric
measures and all of the indices. In comparison to BMI, %BF showed better
correlation with total physical activity as well as with the domains, regardless of
gender.
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CHAPTER 6: GENERAL DISCUSSION
Recently, there has been a rapid increase in the prevalence of overweight and
obesity globally (WHO, 2000). Numerous health risks are associated with
overweight and obesity (Kopelman, 2007) and as a consequence, both the diagnosis
and treatment of the condition are major issues in public health. As obesity is a
condition of excess body fat, an appropriate diagnosis of obesity should include an
assessment of body fatness. However, body fatness cannot be measured directly,
and in addition, many indirect assessment techniques are not practical for use in
large epidemiological studies. A logical alternative approach is to use
anthropometric measures and indices due to their relative simplicity, low cost, and
suitability for use in a range of settings.
The current study is the first to comprehensively explore the anthropometric and
body composition characteristics of Indonesian adults with a large study sample and
using a gold standard measurement of body composition. Limited existing data
from this population makes it difficult to place results from the present study in a
historical perspective, however, the findings indicate that the stature of participants
was comparable with that of previous reports (Dierkes et al., 1993; Gurrici et al.,
1998, 1999a; Küpper et al., 1998). Variation in body weight, sum of four skinfold
thicknesses (i.e. biceps, triceps, subscapular, and suprailiac), WC, HC, and BMI as
well as %BF, was observed. It should be noted, however, that the sample size of
previous studies was typically small (17 to 59 for each gender), and therefore they
cannot be regarded as representative of the general population. Apart from the
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potential variation in anthropometric characteristics among populations, other
contributing factors to explain differences may include the procedures and
instruments used to collect the anthropometric and body composition data;
differences in biological and demographic background such as age and socio-
economic factors; and other related aspects such as physical activity and energy
consumption. Detailed information regarding the procedures and instruments used
in previous studies is often not available; and none used the ISAK procedures used
in the current study. Measurement procedures provided by Lohman and colleagues
(1988), Belisari and Roche (2005), and Carter-Heath (1990) may have been amongst
the approaches used by previous investigators. In addition to a larger sample size, a
major strength of the current study was the use of more comprehensive
anthropometric protocols including four breadths, five girths, and eight skinfold
thicknesses, in addition to body weight and stature. Further, participants were also
recruited from the general population using a recruitment approach to obtain a
more representative sample of the Indonesian population. Importantly, participants
were drawn from a wide age and BMI range, which added to the
comprehensiveness of the study.
In general, Indonesian adults in the present study and regardless of gender were
shorter, lighter, and had a lower BMI in comparison to other Asian populations, for
example, Japanese (Kagawa, Binns, et al., 2007; Kagawa, Kerr, Dhaliwal, Hills &
Binns, 2006), North Indian (Bhansali et al., 2006; Dudeja et al., 2001), Singaporean
(Deurenberg et al., 1999), Chinese (Chen, Ho, Lam & Chan, 2006), and Caucasians
(Deurenberg et al., 1999; Gurrici et al., 1999a; Kagawa, Binns, et al., 2007; Lear et
al., 2003). Girth and breadth measures were higher in males than females, while
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skinfold thickness at all sites was higher in females than in males. Compared to
other Asian populations, Indonesian adults in the present study showed lower WC,
WSR, and WHR than Chinese (Liu, Tong, Tong, Lu & Qin, 2011; Xu, Wang, et al.,
2010) and Indian (Misra et al., 2006) populations. On the other hand, our findings
indicated a comparable WHR with Europeans and South Asians living in Europe
(Lear et al., 2003). Recent research has indicated that WC and WHR may more
clearly define the health risks associated with excess body fat (Hotchkiss & Leyland,
2011) than BMI and may better discriminate risks of cardio-vascular disease (CVD)
and metabolic syndrome (Dhaliwal & Welborn, 2009; Ghandehari et al., 2009;
Grievink et al., 2004; Hsieh et al., 2003; Seidell, 2010; Sievenpiper et al., 2001;
Zhang et al., 2004). Whether the comparable WHR and WSR in the population of
the current study with those Asian populations (Lear et al., 2003) indicates similar
potential health risks for NCD as having greater deposit of trunk adiposity to those
of South Asians living in Europe need further investigation. Our study proposes new
WC, WHR, and WSR cut-offs obesity for Asians (Li & McDermott, 2010; Misra &
Khurana, 2011; Misra et al., 2006; Zaher et al., 2009) due to the low sensitivity of
the global WHO cut-offs and for Asians in determining health risk related to obesity.
We proposed new cut-off points for WHR and WSR in males as 0.86 and 0.48
respectively in males and 0.77 and 0.47 respectively in females. Our new cut-off
values for WC, WHR, and WSR showed highly correlation with reference %BF
measured with deuterium isotope dilution and more sensitively determined obesity
in our participants.
The present study found that classification of overweight/obesity using BMI ≥25
kg/m2 (as recommended by Ministry of Health Republic of Indonesia and WHO),
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was only able to correctly detect obesity in 41% of males and 51% of females.
Application of the WHO classification, modified for the Asian population and using a
BMI ≥23.0 kg/m2 to define overweight/obesity increased the sensitivity to 67% in
males and 71% in females, however, the specificity decreases by about 11–13%. The
low sensitivity of the BMI could be due to its inability to differentiate body fatness
and leanness (Freedman, Ron, Ballard-Barbash, Doody & Linet, 2006; Gallagher et
al., 1996). The low sensitivity of the universal BMI cut-off has been reported in
some populations. Dudeja et al. (2001) found that BMI was only able to identify
obesity correctly in 34.1% of an Indian population; Piers et al. (Piers, Soares,
Frandsen & O'Dea, 2000) indicated 47.7% sensitivity of the BMI among Australians;
while Yao et al. (Yao, Roberts, Ma, Pan & McCrory, 2002) reported a sensitivity of
BMI of 65.9% among Chinese. However, findings have been inconsistent, with
native North Indian males showing higher sensitivity, i.e. 92% (Bhansali et al., 2006).
Lowering the BMI cut-off to 23.8 kg/m2 in Chinese males and 24.2 kg/m2 in females
as reported by Ko et al. (2001) increased the sensitivity to 90.3%. Our study
demonstrated that BMI cut-offs for overweight of 21.9 in males and 23.6 in females
increased sensitivity of this index to reach 83.9% in males and 90.2% in females,
compared to BMI cut-offs suggested by WHO for Asians which were 67.8% and
71.1% in males and females respectively (Ko et al., 2001).
Poor sensitivity of WC classification to detect obesity was indicated in our results in
which we only were able to detect 18% and 35% of obesity cases in males and
females, respectively. These findings, therefore, strongly support the need to
redefine WC cut-offs for obesity in Indonesian adults instead of using WC ≥90 cm in
males and ≥80 cm in females. Assessment of health risk associated with obesity
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such as CHD and/or metabolic syndrome should be involved in redefining the WC
threshold. A prospective study involving a large number of participants in the US
proposed that WC cut-offs as low as 84.0 cm and 71.0 cm in women could be
considered as the lowest risk category for developing CHD (Flint et al., 2010). We
define new WC cut-offs for obesity as 76.8 cm for males and 71.7 cm for females.
Our proposed cut-offs WC improved sensitivity of this measure to reach 88.5% in
males and 81.0% in females compared to only 18.4% and 35.2% in males and
females respectively when using WC cut-offs 90 and 80 cm for males and females
respectively. The new cut-off values for BMI, WC, WHR, and WSR are presented in
Table 6.1.
Table 6. 1 Cut-off points for BMI, WC, WHR, and WSR for determination of
overweight/obesity in Indonesian adults
BMI (kg/m2) WC (cm) WHR WSR
Males 21.9 76.8 0.86 0.48
Females 23.6 71.7 0.77 0.47
A range of relatively simple methods have been used to estimate body composition
and include skinfold thickness, abdominal circumference, waist circumference (WC),
and waist-to-hip ratio (WHR) (Norton, 2009). Limitations of these methods,
however, should also be considered, such as individual and population variation,
difficulty in accurate measurement in very obese individuals, site-specific selection
for skinfold thickness across gender and population, which consequently make
prediction equations only applicable to populations who have similar characteristics
to the population from which the equation was originally developed. A further
strength of the current study was the utilization of a range of anthropometric
equations to predict %BF. A broad range of anthropometric equations can facilitate
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researchers’ decision-making regarding the most appropriate equations depending
on the data available (see Table 6.2 for the prediction equations).
Table 6. 2 Anthropometric prediction equations for estimation of %BF in Indonesian
adults
Regression equation
%BF = 17.026 + 0.509 (triceps) + 0.342 (iliac crest) - 5.594 (gender)
%BF = 17.858 + 0.215 (sum of 4 skinfold) - 6.448 (gender)
%BF = 1.938 -10.509 (G) + 1.388 (BMI)
%BF = -8.545 - 4.830 (G) + 0.420 (waist girth) + 0.439 (gluteal girth) - 4.830 (humerus breadth)
%BF = -5.032 -12.712 (gender) + 0.294 (body weight) + 0.477 (WSR)
Note: gender: 1 for males, 0 for females; sum of 4 skinfolds: sum of skinfold triceps, biceps, subscapular, and
iliac crest; WSR: waist-to-stature ratio
Our findings support some previous studies that prediction equations developed
from Caucasians underestimated %BF when used for Indonesians (Gurrici et al.,
1998, 1999a; Küpper et al., 1998). The new Durnin and Womersley prediction
equations (Davidson et al., 2011) resulted in a 6–7% underestimation of %BF in
males and females, whereas, BMI equations (Gurrici et al., 1998) which were
originally developed for Indonesian adults resulted in 2–3% higher %BF. Different
assessment approaches used or biological and demographic factors may have
contributed to these differences.
In addition to the anthropometric equations to predict %BF, the current study also
developed BIA equations to predict body composition and derive TBW, FFM, and
%BF estimates (see Table 6.3). Most BIA equations to date have been developed
from Caucasian samples (Chumlea & Sun, 2005). One study has reported a BIA
prediction equation for the prediction of TBW in Indonesian adults, however, this
study did not develop a prediction of other body composition (FFM and FM
components) (Gurrici et al., 1999b). Since body composition varies with ethnicity,
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age, and gender, BIA equations should be validated and applied with the population
used to generate equations (Dehghan & Merchant, 2008; Deurenberg-Yap &
Deurenberg, 2001; Kyle et al., 2004b). Assessment of FFM was overestimated when
using BIA prediction equations developed from Caucasians. Consistent with other
studies, BIA equations for the prediction of TBW and FFM in both genders combined
provide better correlation with TBW and FFM measured with the reference
method. In addition to gender, body mass, resistance (R), impedance (Z), reactance
(Xc), and square of stature divided by resistance explained approximately 86% of
the variance in equations with the SEE around 2.1 kg which was comparable with
that reported from other studies (Chumlea & Sun, 2005). The R2 in equations which
predict body composition in kg units was higher (±0.92) with a lower SEE
(approximately 2 kg), and therefore was recommended for use in future studies.
Table 6. 3 BIA prediction equations for estimation of body composition in
Indonesian adults
Regression equation
TBW (kg) = 1.159 + 0.158 (BW) + 0.335 (RI) + 1.723 (G) + 0.508 (Ph)
FFM (kg) = 1.585 + 0.216 (BW) + 0.459 (RI) + 2.361 (G) + 0.695 (Ph)
FM (kg) = -3.941 + 0.699 (BW) - 0.436 (RI) -3.674 (G) - 0.203 (Xc) + 1.623 (Ph) + 0.008 (Z)
%TBW = 60.007 - 0.557 (BW) + 0.462 (RI) + 5.226 (G)
%FFM = 82.202 - 0.763 (BW) + 0.633 (RI) + 7.159 (G)
%BF = 17.798 + 0.763 (BW) - 0.633 (RI) - 7.159 (G)
Note: BW: body weight; RI: resistance index: stature/R2; G: gender: 1 for males, 0 for females; Ph: phase angle;
Xc: reactance; Z: impedance
Obesity also relates to body image (Kay, 2001; Lu & Hou, 2009; Lynch et al., 2007;
McCreary et al., 2006), eating behaviours (Lynch et al., 2007), and physical activity
(Kruger et al., 2008). Our study was the first to explore the associations between
body image, eating behaviours, and physical activity and anthropometry as an
indicator of obesity in the Indonesian population. The current study was also the
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first to undertake reliability tests for Indonesian language versions of instruments
used to assess body image, eating behaviours, and physical activity, namely the
Body Shape Questionnaire (BSQ), the Contour Drawing Rating Scale (CDRS), the
Eating Habit Questionnaire (EHQ), and the International Physical Activity
Questionnaire (IPAQ), respectively. The reliability tests were similar to the reliability
tests for the instruments in previous studies (Thompson & Gray, 1995; Wertheim et
al., 2004). The simple validity test used in the present study, which indicated
significant moderate to high correlations between instruments with body weight,
BMI, and self-rating, may additionally support the applicability of these instruments
to Indonesians. This method has been reported useful as additional information for
validity test of such instruments (Evans & Dolan, 1993). Future validity tests of the
instruments using appropriate tools and methods, therefore, are important to
evaluate the psychometric trustworthiness of the Indonesian version of the
instruments.
Our findings demonstrated that those instruments were reliable and valid to be
applied to the Indonesian adult population. However, caution should be considered
in interpreting these results due to the small sample size. Sample size may affect
the precision of the reliability and validity coefficients (Charter, 1999). However, it
should be considered whether added cost and time to increase sample size would
really be worth the clinically meaningless decrease in the width of the confidence
interval since it probably will not be materially different or clinically different
(Cicchetti, 1999, 2001). In addition, the importance of focusing on clinical issues and
differentiating them from pure statistical matters should be considered. Further,
Cicchetti (1999) recommended simply paying attention to the type of subject being
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assessed and to increase the number of independent examiners to justify the time
and effort. In the assessment of the BSQ, the 16-item BSQ, the EHQ, and the CDRS,
however, data were only collected from a normal population sample; data from
patients with body image or eating disorders should ideally be included. This was
not undertaken in the current study due to the difficulty in obtaining clinical
samples. Despite these limitations, the present study yielded important information
with regard to cross-cultural research, particularly of the instruments used to
measure body image, eating behaviours, and physical activity. These results suggest
that researchers and professionals can use these instruments for Indonesian
populations.
The current study was also the first to investigate body image and eating behaviours
among Indonesian adults and their associations with anthropometric and body
composition measures. The findings indicated that body shape concerns measured
with the BSQ were significantly related with most of the anthropometric measures
and %BF regardless of gender, with r ranging from 0.2 to 0.5. Consistent with
previous reports, females in the current study showed greater body dissatisfaction
than males (Kruger et al., 2012; Lowery et al., 2005; Silva et al., 2011; Wang et al.,
2005) and were likely to desire a thinner body (Ålgars et al., 2009; Kruger et al.,
2008; Luo et al., 2005; Silva et al., 2011; Wang et al., 2005), whereas, more males
preferred a larger body size. In comparison to other populations, the BSQ score of
females in the current study (35.21 ± 15.55) was only slightly lower than the same
scale of the BSQ (16-item scale) examined in a Spanish non-clinical female sample
(37.90 ± 15.94), but much lower than Spanish clinical female samples (64.91 ±
18.92). Comparison with the English version of the same scale of the BSQ examined
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in Euro-American and Hispanic-American female samples i.e. 49.55 ± 18.90 and
46.89 ± 18.25, respectively (Warren et al., 2008) also showed a lower score of our
female samples.
Evidence of some studies have demonstrated that males’ attraction to a larger body
size might be influenced by the thought that a large body size reflects muscularity
and strength (Mellor et al., 2004; Mellor et al., 2008), while females were more
influenced by the thin ideal expressed in the media (Ålgars et al., 2009). Television
shows and advertising, entertainment shows, magazines, and billboards are some
types of media which may potentially promote the thin ideal body image in
Indonesia. However, few studies have explored body image in Indonesian adults.
Our study provides new knowledge and consideration of body image such that
despite a relatively low prevalence of obesity, Indonesian adults still expressed body
dissatisfaction and body shape concerns. In addition, more than 12% of the obese
participants regardless of gender were satisfied with their body and even reported
wanting a larger body size. This may not necessarily be problematic even though
body dissatisfaction is a risk factor for eating disorders (Stice et al., 2010; Stice &
Shaw, 2002), is directly related to negative affect and low self-esteem, and partially
mediates the relationship between the degree of obesity and psychological distress
(Friedman et al., 2002). The effect of risk factors are significantly weaker for adults
compared with adolescents (Stice, 2002). Moreover, lower body satisfaction does
not guarantee individuals will engage in healthy weight management behaviours,
rather than use behaviours that may place them at risk for weight gain (Neumark-
Sztainer, Paxton, et al., 2006). It could be that individuals who are already
overweight or obese may not be concerned about their weight (Timperio et al.,
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2000) or they do not perceive themselves as overweight (Coulson et al., 2006).
Thus, the findings of the current study support the inclusion of body image
assessment in obesity studies in Indonesian adults.
Our findings also indicated that most of the anthropometric measures and body
composition data were significantly correlated with the EHQ total scores and dieting
and restraint subscales in Indonesian adults, regardless of gender. In contrast, the
overeating subscale only showed significant correlation in males. In addition, our
results confirmed findings from previous studies that females have greater potential
of developing disordered eating as shown in their higher scores in the EHQ, as well
as dieting and overeating subscales. The total EHQ score of females in our study
(21.7 ± 5.9) was only slightly lower compared with Asians living in the US (22.8 ±
8.8) reported by Gluck & Geliebter (Gluck & Geliebter, 2002). Asian women
demonstrated lower EHQ score than Caucasians, but higher than Africans even after
controlling for BMI. No values of the EHQ subscales were reported in the study of
Gluck and Geliebter (2002), but Caucasian women had higher scores on the
overeating and dieting subscales than Asian and African women, whereas Asians
scored higher in both subscales than Africans. No ethnic group differences were
reported on the restraint subscale (Gluck & Geliebter, 2002). These findings are
consistent with those of Wildes et al. (Wildes et al., 2001) that ethnic and socio-
economic levels are among factors considered to predispose individuals to weight
and dieting concerns and that levels of eating disturbance have been reported to be
greater among white populations compared to non-white populations. Further,
Wildes et al. (2001) suggested that it may be more related to cultural and
environmental issues than race (Wildes et al., 2001).
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Findings from our study support previous reports that unhealthy body image may
be associated with the development of eating disorders. It was observed that
Indonesian females who were underweight or severely underweight still idealized
smaller body sizes which may put them at risk of disordered eating behaviours.
Previous studies indicated that perceiving oneself as overweight among normal-
weight individuals was associated with eating disorders and unhealthy weight loss
practices (Andrade et al., 2012; Cachelin et al., 2006; Liechty, 2010). On the other
hand, overweight or obese individuals who underestimate their size may be
unwilling to lose weight or seek medical assistance and are at risk of obesity-related
diseases (Andrade et al., 2012; Brener et al., 2004). The findings of our study
therefore have important implications for public health interventions targeting such
individuals.
Our study also investigated the associations of anthropometric measures and body
composition with physical activity levels measured with the IPAQ long form and
found that, overall, stronger associations were found in males than females. Total
physical activity levels significantly and negatively related to anthropometric
measures particularly in males. Among the four domains examined, work and
transportation domains showed significant and negative correlations with most of
the anthropometric measures and %BF in males only. Regardless of gender,
Indonesian adults in our study reported high physical activity levels with an average
total score of 2378 ± 659 and 2070 ± 543 (MET-min/Wk) in males and females,
respectively. These findings were relatively lower compared with total physical
activity levels of French Canadian samples used in the validation studies reported
by Gauthier et al. (Gauthier et al., 2009) with an average score of 4672 ± 3551.5
262
(MET-min/wk) and (mostly) European sample living in Auckland reported by
Madisson et al. (Maddison et al., 2007). The average total daily scores were 503 ±
397 and 439 ± 336 MET-min/d in males and females, respectively (in our samples,
approximately 399.7 and 295.7 MET-min/d in males and females, respectively).
However, in comparison to data from 20 countries across six continents reported by
Bauman et al. (Bauman et al., 2009) using low, moderate, and high physical activity
categories based on standard scoring criteria IPAQ (International Physical Activity
Questionnaire (IPAQ), 2005), samples of the current study demonstrated greater
prevalence of high physical activity level (i.e. approximately 88.0%) compared with
other Asian countries i.e. China, Hong Kong, India, and Japan with prevalence of
57.7%, 34.1%, 37.9%, and 21.2%, respectively (Bauman et al., 2009). In this regard,
some methodological issues in the physical activity scoring should be considered,
including the variations in response rates across countries in addition to some
limitations with the IPAQ (for example difficulties in distinguishing moderate and
vigorous activities).
Our study demonstrated that physical activity was significantly and negatively
correlated with BMI and %BF for both genders. The higher the physical activity
levels, the lower the BMI and %BF. However, the correlations were slightly higher in
%BF. These results were similar to those of Cook et al. (2009) who found that
physical activity and adiposity levels correlated significantly, negatively, and linearly
in African adult females. However, controversies exist with regards to the intensity
of the physical activity levels. Block et al. (2009) indicated that that lower %BF was
identified in individuals who met recommendations through vigorous activity only,
while, Leskinen et al., (2009) found that regular physical activity could prevent the
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accumulation of high-risk fat deposits. Cross-sectional study design precludes the
establishment of causality in our study. The fair coefficient values in the current
study may subsequently explain low coefficient of determinations, indicating that
only a small proportion of variability in the data may explain these relationships.
Future studies are suggested to examine these relationships using more appropriate
study design, including longitudinal data and objective physical activity assessments
in the Indonesian adult population.
Overall, the current study indicates significant correlations between body image,
eating behaviours, and physical activity levels with some anthropometric measures
and body composition. Strengths of this study, including the large sample size,
comprehensive anthropometric data measured with an international standard
protocol, and %BF measured with a reference method. This study also provided the
culturally adapted back-translation process of the instruments used to measure
body image and eating behaviours, and physical activity level. However, there are
some limitations that should be considered. The cross-sectional design used in the
current study limits the ability to determine a cause and effect association and
development with increasing age. It is also difficult to generalize the findings to
other populations or as a national representation due to the complexity of ethnic
and demographical characteristics of Indonesians. However, the participants
involved in this study were representatives of the Javanese ethnicity, the largest
ethnic group in Indonesia. In addition, psychometric property studies for the
translated body image and eating behaviours questionnaires and more objective
measurements are needed for comparison and cross-validating the self-report
measures of the physical activity instruments. Despite these limitations, however,
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the current study has implications for research and practice. To our knowledge, this
is the first study to examine associations between body image, eating behaviours,
physical activity, comprehensive anthropometric measures and %BF in an
Indonesian adult samples, therefore, it contributes to the empirical literature.
Future studies may build on this study to better understand these relationships in a
nationally representative dataset of Indonesian adults. In terms of practice, the
findings provide suggestion for intervention via developing a campaign to promote
a healthier lifestyle for Indonesian adults.
6.1 CONCLUSIONS
Based on the research questions, the findings can be summarized as follows:
1) Anthropometric and body composition characteristics of Indonesian adults in
the present study were comparable with those previously reported.
2) The available BMI, WC, WHR, and WSR cut-offs for defining obesity proposed
by WHO, IDF, and some previous investigators were not appropriate for
Indonesian adults.
3) New optimum cut-off points for BMI, WC, WHR, and WSR for the determination
of obesity in Indonesian adults were determined.
4) Some anthropometric and BIA prediction equations for the estimation of body
composition in Indonesian adults were developed.
5) Our prediction equations were valid and could be applied across a wide range
of ages and BMI in Indonesian Javanese adults as they highly correlated with
the measured %BF in the cross-validation study.
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6) Some available anthropometric and BIA prediction equations were not
appropriate for Indonesian adults.
7) The translated questionnaires for the assessment of body image, eating
behaviours, and physical activity were reliable and valid to be applied to
Indonesian adults.
8) There were significant associations between body image, eating behaviours,
physical activity, anthropometric measures, and %BF in Indonesian adults.
6.2 IMPLICATIONS
Findings from the current study have the potential to contribute to theory and practice
in the following areas:
1) This study contributes to the empirical literature by filling the existing gaps on
the comprehensive anthropometry and body composition data in Indonesian
adults. However, participants in our study were limited to those of Javanese
ethnicity living in Yogyakarta Special Region Province; future studies involving
other ethnicities and larger sample sizes are recommended to provide national
representative data.
2) BMI should not be used in preference to other methods, but always be used in
conjunction with other anthropometric indicators for obesity such as WC, WHR,
and WSR, as screening tools to classify individuals at risk of obesity in
Indonesia. We determined that cut-off values of 21.9 kg/m2, 76.8 cm, 0.86, and
0.48 for BMI, WC, WHR, and WSR respectively were the most optimum cut-offs
for obesity determination for Indonesian adult males and 23.6 kg/m2, 71.7 cm,
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0.77, and 0.47 for adult females. Of these, WC and WSR wer the most
predictive both for males and females.
3) Based on this work and the new cut-offs recommended, the prevalence of
overweight and obesity in Indonesian adults was:
Table 6. 4 The prevalence of overweight/obesity based on the new cut-off values
and reference %BF
Indicator
Males Females
Normal-
weight
Overweight/Obese Normal-
weight
Overweight/Obese
%BF 203 (70.0%) 87 (30.0%) 164 (53.6%) 142 (46.4%)
BMI 172 (58.9%) 120 (41.1%) 196 (63.6%) 112 (36.4%)
WC 178 (61.0%) 114 (39.0%) 158 (51.3%) 150 (48.7%)
WHR 189 (64.7%) 103 (35.3%) 143 (46.4%) 165 (53.6%)
WSR 202 (69.2%) 90 (30.8%) 166 (53.9%) 142 (46.1%)
4) Our study developed some anthropometric and BIA prediction equations for
the prediction of body composition of Indonesian adults which may useful to
research and clinical practice. These equations provide a more feasible method
to perform body composition assessment in Indonesian adults hence,
evaluation for obesity can be made based on %BF assessment rather than BMI
alone.
5) The current study determined reliable and valid translated self-report
instruments for the assessment of body image, eating behaviours, and physical
activity in Indonesian adults. This permits more investigation in this area in
which existing research is limited, which partly may be due to the lack
availability of accurate instruments for Indonesian populations. Further
investigation is important to provide better understanding and more
comprehensive reports on body image, eating behaviours, and physical activity
of the Indonesian population.
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6) In terms of practice, the findings of this study provide suggestions for intervention
development addressed to groups of participants identified as having a distorted
body image and or body dissatisfaction instead of their healthy body weight range.
7) With regard to physical activity, public health agencies can promote engagement in
higher physical activity levels for Indonesian adults, as physical activity is
significantly but inversely related to anthropometric measures and %BF.
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APPENDICES
Appendix 1: Procedures of Anthropometric Measurements
Standard protocols of the International Society for the Advancement of
Kinanthropometry (ISAK) (International Society for the Advancement of
Kinanthropometry, 2006):
1) Stature: Stature was measured using a microtoise (Johnson and Johnson Co.
Ltd.) to the nearest 0.1 cm between the transverse planes of the Vertex (the
highest point on the skull) and the inferior aspects of the feet. The participant
stood barefoot with their heels touching each other, buttocks, and upper part
of the back touching the scale. The head was placed in the Frankfort plane so
that the Orbitale (lower edge of the eye socket) was in the same horizontal
plane as the Tragion (the notch superior to the tragus of the ear). The
participant was then instructed to take and hold a deep breath while the
measurement was taken. The head board was placed firmly down on the
Vertex, compressing the hair as much as possible.
2) Body weight: Body weight was measured with the participant wearing light
clothes. Body weight was subtracted from the measured scale mass with the
weight of clothing similar to that worn by the participant during measurement.
It is important to check that the scale is reading zero. The participant stood on
the centre of the scales without support and with their weight distributed
evenly on both feet.
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3) Arm circumference (relaxed): The measurement was taken at the level of the
Mid-acromiale-radiale site of the arm, perpendicular to its long axis. The
participant stood with their left arm hanging by their side and their right arm
abducted slightly to allow the tape to be passed around the arm.
4) Arm circumference (flexed and tensed): The measurement was taken at the
circumference of the arm at the level of the peak of the contracted Bicep
brachii. The participant was asked to adopt a relaxed standing position with
their left arm hanging by their side while their right arm was raised anteriorly to
the horizontal. The forearm was supinated and flexed at about 45o–90o to the
arm. Then the participant was asked to partially tense their elbow flexors to
identify the probable peak of the contracted muscles. The participant was also
encouraged to tense their arm muscles as strongly as possible and hold it while
the measurement was made at the peak of the Biceps brachii.
5) Waist circumference: The circumference was taken at the narrowest point of
abdomen between the lower costal (10th rib) border and the top of the iliac
crest, perpendicular to the long axis of the trunk. The participant stood with
their arms folded across the thorax. The measurer stood in front of the subject
who abducts the arms slightly allowing the tape to be passed around the
abdomen. The stub of the tape and the housing were held in the right hand
while the level of the tape was adjusted by the left hand at the participant’s
back to the level of the narrowest point. The participant was asked to breathe
normally; the measurement was taken at the end of a normal expiration (end
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tidal). If there was no obvious narrowing the measurement was taken at the
mid-point between the lower costal (10th rib) border and the iliac crest.
6) Hip circumference: The measurement was taken at the greatest posterior
protuberance of the buttocks, perpendicular to the long axis of the trunk. The
participant stood with their arms folded across their thorax, feet together, and
the gluteal muscles relaxed. The measurer passed the tape around the hips
from the side. The stub of the tape and the housing were held in the right hand
while the left hand adjusted the level of the tape at the back to the adjudged
level of the greatest posterior protuberance of the buttocks. By using the cross-
hand technique, the measurer checked that the tape was held in a horizontal
plane at the target level before reading the measurement.
7) Calf circumference: The participant’s calf was measured using circumference at
the level of the maximal girth of the calf. The participant was asked to stand in
an elevated position that made it easier for the measurer to align their eyes
with the tape. The measurer placed the tape around the calf and slid it to the
correct plane. The stub of the tape and the housing were both held in the right
hand while the left hand adjusted the level of the tape to the marked level.
8) Biacromial breadth: The measurement was taken as the linear distance
between the most lateral aspects of the Acromion processes. The participant
was asked to stand relaxed with their arms hanging by their sides. The
measurer stood behind the subject, placed the branches of the large sliding
caliper on the most lateral surfaces of the Acromion processes at an angle of
about 30opointing upwards.
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9) Biiliocristal breadth: The participant stands with their arms across their crest.
Measurement was taken between the most lateral points of the iliac crest
(where a line drawn from the mid-axilla, on the longitudinal axis of the body,
meets the ilium). The measurer stood in front of the subject and branches of
the anthropometer were kept at about 45o pointing upwards.
10) Humerus breadth: The measurement was taken between the most lateral
aspect of the lateral humeral epicondyle and the most medial aspect of the
medial humeral epicondyle with the participant standing or sitting. Their right
arm was raised anteriorly to the horizontal and their forearm was flexed at
right angles to their arm. The measurer uses their middle fingers to palpate the
epicondyles of the humerus, with a small sliding caliper gripped correctly,
starting proximally to the sites.
11) Femur breadth: It was the linear distance between the most lateral aspect of
the lateral femoral epicondyle and the most medial aspect of the medial
femoral epicondyle. The participant sat with their hand clear of their knee
region. Their right leg was flexed at the knee to form a right angle with their
thigh. The measurer used their middle fingers to palpate the epicondyles of the
femur beginning proximally to the sites. The calliper was faced on the
epicondyles (the bony points felt first) and maintained strong pressure with the
index fingers until the value was read.
12) Biceps skinfold site: The skinfold measurement was taken parallel to the long
axis of the arm at the Biceps skinfold site at the point on the anterior surface of
the arm in the mid-line at the level of the Mid-acromiale-radiale landmark. This
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point can be located by projecting the Mid-acromiale-radiale site
perpendicularly to the long axis of the arm around to the front of the arm, and
intersecting the projected line with a vertical line in the middle of the arm
when viewed from the front. The participant stood with their right arm relaxed,
their shoulder externally rotated, and their elbow extended by the side of their
body.
13) Triceps skinfold site: The skinfold measurement was taken parallel to the long
axis of the arm at the triceps skinfold site, the point on the posterior surface of
the arm, in the mid-line, at the level of the marked Mid-acromiale-radiale
landmark. The participant stood with their arms hanging by their side in the
mid-prone position and their elbow extended by the side of their body.
14) Subscapular skinfold site: The skinfold was measured at the site 2 cm along a
line running laterally and obliquely downward from the Subscapulare landmark,
the undermost tip of the inferior angle of the scapula, at a 45o angle. The line of
the skinfold was determined by following the natural fold lines of the skin. The
participant stands with their arms hanging by their sides.
15) Iliac crest skinfold site: The skinfold measurement taken near horizontally at
the Iliac Crest skinfold site, at the centre of the skinfold raised immediately
above the marked iliocristale. The participant stood with their right arm folded
across their chest. The measurer placed their left thumb tip on the marked
iliocristale site, and rose the skinfold between the thumb and index finger of
their left hand. The fold runs slightly downwards anteriorly as the natural fold
of the skin.
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16) Supraspinale skinfold site: The skinfold measurement was taken with the fold
running obliquely and medially downward at the Supraspinale skinfold site. The
fold runs medially downward and anteriorly at about a 45o angle as the natural
fold of the skin. The participant stood with their arms hanging by their slides.
17) Abdominal skinfold site: The participant stood with their arms hanging by their
sides. The skinfold was taken in a vertical fold at the site of about 5 cm
horizontally from the omphalion to the right. The distance of 5 cm was
assumed as an adult height of approximately 170 cm.
18) Medial calf skinfold site: The skinfold measurement was taken vertically at the
medial Calf skinfold site at the maximum girth level. The participant stood with
their right foot placed on the box and their calf relaxed. The fold was parallel to
the long axis of their leg. Their right knee was bent at about a 90o angle.
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Appendix 2: Scatter Plots of %BFMeasured by the ReferenceMethod against
Estimated %BF by Anthropometric Equation (Figures 3.2.2 to 3.2.5)
Figure 3.2.2 Scatter plot of %BF measured by the reference method against
estimated %BF by sum of 4 skinfolds equation
Figure 3.2.3 Scatter plot of %BF measured by the reference method against
estimated %BF by BMI equation
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Figure 3.2.4 Scatter plot of %BF measured by the reference method against
estimated %BF by anthropometric (girth and breadth) equation
Figure 3.2.5 Scatter plot of %BF measured by the reference method against
estimated %BF by anthropometric index equation
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Appendix 3: Bland and Altman Plots of the CDRS Pre- and Post-tests (Figures 4.1.7 to
4.1.17)
Figure 4.1.7 Bland and Altman plot of the CDRS2 current pre- and post-tests
Figure 4.1.8 Bland and Altman plot of the CDRS1 ideal pre- and post-tests
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Figure 4.1.9 Bland and Altman plot of the CDRS2 ideal pre- and post-tests
Figure 4.1.10 Bland and Altman plot of the CDRS1 different pre- and post-tests
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Figure 4.1.11 Bland and Altman plot of the CDRS2 different pre- and post-tests
Figure 4.1.12 Bland and Altman plot of the CDRS1-CDRS2 current pre-test
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Figure 4.1.13 Bland and Altman plot of the CDRS1-CDRS2 current post-test
Figure 4.1.14 Bland and Altman plot of the CDRS1-CDRS2 ideal pre-test
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Figure 4.1.15 Bland and Altman plot of the CDRS1-CDRS2 ideal post-test
Figure 4.1.16 Bland and Altman plot of the CDRS1-CDRS2 different pre-test
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Figure 4.1.17 Bland and Altman plot of the CDRS1-CDRS2 different post-test
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Appendix 4: Human Ethics Approval Certificates
Human Ethics Approval Certificate of QUT
320
Human Ethics Approval Certificate of Gadjah Mada University
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Appendix 5: Questionnaires
Body Shape Questionnaire (BSQ)-1
Kami ingin mengetahui bagaimana Anda menilai penampilan Anda dalam jangka
waktu EMPAT MINGGU TERAKHIR. Baca dan jawablah setiap pertanyaan berikut
dengan melingkari nomor yang sesuai di lajur kanan. Jawablah semua pertanyaan.
Keterangan
1 = tidak pernah
2 = jarang
3 = kadang-kadang
4 = sering
5 = sangat sering
6 = selalu
SELAMA EMPAT MINGGU TERAKHIR:
No. Pertanyaan 1     2     3     4     5     6
1. Pernahkah perasaan bosan membuat Anda khawatir
tentang bentuk tubuh Anda?
1     2     3     4     5     6
2. Pernahkah Anda merasa bahwa paha, pinggul, atau pantat
Anda terasa terlalu besar untuk tubuh Anda?
1     2     3     4     5     6
3. Pernahkah Anda merasa khawatir bila otot menjadi
kendur?
1     2     3     4     5     6
4. Pernahkah Anda merasa sangat sedih tentang bentuk
tubuh Anda sehingga membuat Anda menangis?
1     2     3     4     5     6
5. Pernahkah Anda menghindari lari-lari karena takut otot
Anda  kelihatan kendur atau bergoyang-goyang?
1     2     3     4     5     6
6. Pernahkah Anda merasa peka ketika berada bersama
orang yang langsing?
1     2     3     4     5     6
7. Pernahkah Anda merasa cemas paha Anda mungkin
menggelambir sewaktu Anda duduk?
1     2     3     4     5     6
8. Pernahkah Anda merasa gemuk meskipun Anda hanya
makan dalam jumlah sedikit?
1     2     3     4     5     6
9. Pernahkah Anda menghindari pakaian yang membuat
Anda peka pada bentuk tubuh Anda?
1     2     3     4     5     6
10. Pernahkah Anda merasa sewaktu makan kue, manisan dan
makanan berkalori tinggi lain yang membuat Anda merasa
gemuk?
1     2     3     4     5     6
11. Pernahkan Anda merasa malu akan bentuk tubuh Anda? 1     2     3     4     5     6
12. Apakah perasaan khawatir terhadap bentuk tubuh Anda
membuat Anda melakukan pengaturan pola makan (diet)?
1     2     3     4     5     6
13. Apakah Anda merasa sangat senang tentang bentuk tubuh
Anda ketika perut sedang kosong (misalnya dipagi hari)?
1     2     3     4     5     6
14. Pernahkan Anda merasa tidak adil karena orang lain lebih
langsing dari Anda?
1     2     3     4     5     6
15. Pernahkah  Anda merasa khawatir bila badan menjadi
berlekuk-lekuk karena lipatan lemak?
1     2     3     4     5     6
16. Pernahkah Anda merasa khawatir dengan bentuk tubuh,
sehingga Anda merasa ingin melakukan senam atau olah
raga?
1     2     3     4     5     6
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Body Shape Questionnaire (BSQ)-2
Kami ingin mengetahui bagaimana Anda menilai penampilan Anda dalam jangka
waktu EMPAT MINGGU TERAKHIR. Baca dan jawablah setiap pertanyaan berikut
dengan melingkari nomor yang sesuai di lajur kanan. Jawablah semua pertanyaan.
Keterangan
1 = tidak pernah
2 = jarang
3 = kadang-kadang
4 = sering
5 = sangat sering
6 = selalu
SELAMA EMPAT MINGGU TERAKHIR:
No. Pertanyaan 1     2     3     4     5     6
1. Pernahkah Anda merasa khawatir sekali tentang bentuk
tubuh Anda, sehingga Anda merasa harus mengatur pola
makan (diet)?
1     2     3     4     5     6
2. Pernahkah Anda merasa takut kalau tubuh Anda menjadi
gemuk (atau lebih gemuk)?
1     2     3     4     5     6
3. Pernahkah perasaan kenyang (misalnya setelah makan
hidangan yang banyak) membuat Anda merasa gemuk?
1     2     3     4     5     6
4. Pernahkah memperhatikan bentuk tubuh orang lain dan
merasa bentuk tubuh Anda tidak sebaik mereka?
1     2     3     4     5     6
5. Pernahkan fikiran tentang bentuk tubuh Anda
mengganggu konsentrasi Anda (misalnya saat menonton
televise, membaca, mendengar percakapan)?
1     2     3 4     5     6
6. Apakah Anda merasa ketika Anda tidak berpakaian,
misalnya sewaktu mandi; membuat Anda merasa gemuk?
1     2     3     4     5     6
7. Pernahkah Anda berpikir untuk membuang bagian tubuh
yang Anda rasa berlebihan?
1     2     3     4     5     6
8. Pernahkan Anda memutuskan untuk tidak bergaul atau
bersosialisasi hanya karena merasa tidak puas dengan
bentuk tubuh Anda?
1     2     3     4     5     6
9. Pernahkah Anda merasa terlalu gemuk dan bulat? 1 2     3     4     5     6
10. Pernahkah Anda berpikir bahwa bentuk tubuh Anda
sekarang karena kurangnya kontrol diri?
1     2     3     4     5     6
11. Pernahkah Anda marasa khawatir bila orang lain melihat
lipatan-lipatan lemak di sekitar perut dan pinggang Anda?
1     2     3     4     5     6
12. Sewaktu bersama orang lain, apakah Anda merasa
mengambil ruang terlalu banyak (misalnya saat duduk di
sofa/ bus)?
1     2     3     4     5     6
13. Ketika melihat pantulan diri Anda (misalnya di cermin atau
di etalase toko) apakah Anda merasa sedih karena bentuk
tubuh Anda?
1     2     3     4     5     6
14. Pernahkah Anda mencubit bagian tubuh Anda untuk
mengetahui betapa banyak timbunan lemaknya?
1     2     3     4     5     6
15. Pernahkah Anda menghindari situasi dimana orang lain
dapat melihat bentuk tubuh Anda (misalnya di ruang ganti
umum atau di ruang mandi kolam renang?
1     2     3     4     5     6
16. Pernahkah Anda merasa peka/menyadari bentuk tubuh
Anda ketika berada di tengah-tengah sekelompok orang?
1     2     3     4     5     6
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Eating Habit Questionnaire (EHQ)
Pilihlah jawaban yang paling tepat untuk anda dengan melingkari  salah satu
jawaban benar atau salah pada kolom sebelah kanan pada tiap-tiap pertanyaan.
Jika anda merasa bahwa jawaban anda tidak sepenuhnya benar atau salah,
gunakanlah alternative lain yang paling mirip dengan keadaan sekarang (pada bulan
lalu)
Kebanyakan pertanyaan tentang pola makan, namun beberapa item tambahan juga
ada.  Pastikan anda menjawab semua pertanyaan.
SEMUA INFORMASI YANG ANDA BERIKAN DIJAMIN KERAHASIAANNYA dan hanya
akan digunakan dalam penelitian ini. Jawablah masing-masing pertanyaan dengan
sejujurnya  dan hati-hati.
Terima kasih. (B= Benar;  S= Salah)
No. Pertanyaan B S
1. Saya suka makan. B S
2. Saya makan (nasi) 3 kali sehari. B S
3. Saya sering memikirkan tentang makanan. B S
4. Saya jarang sekali makan (nasi) pada jam-jam tertentu. B S
5. Saya punya nafsu makan yang sehat. B S
6. Saya jarang mengkonsumsi makanan tidak sehat (misalnya: fried
chicken, fast food, makanan instant).
B S
7. Saya sering melewatkan makan (nasi). B S
8. Saya jarang ‘diet’. B S
9. Makan merupakan hal yang penting dalam hidup saya. B S
10. Saya jarang menimbang berat badan saya. B S
11. Nafsu makan saya cenderung turun akhir-akhir ini. B S
12. Saya merasa kalau saya termasuk kelebihan berat badan. B S
13. Saya sering makan snack/cemilan diantara waktu makan nasi. B S
14. Saya tidak perduli dengan kenaikan berat badan. B S
15. Saya tidak pernah makan makanan ‘diet’. B S
16. Saya merasa orang lain mendorong saya untuk makan lebih banyak. B S
17. Saya sering punya keinginan untuk memuntahkan makanan setelah
makan berlebihan.
B S
18. Saya jarang makan dengan jumlah yang cukup. B S
19. Saya merasa bahwa saya mempunyai nafsu makan yang tidak
terkendali.
B S
20. Saya tidak merasa puas dengan berat badan saya saat ini. B S
21. Saya jarang makan melebihi apa yang saya butuhkan. B S
22. Saya membaca atau mengumpulkan cara ‘diet’ terkini dari artikel B S
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majalah atau buku.
23. Saya merasa bahwa saya punya pola makan yang ‘normal’. B S
24. Jika saya makan berlebih pada suatu hari, saya akan mengurangi porsi
makan pada hari berikutnya.
B S
25. Saya sangat jarang mencemaskan berat badan saya. B S
26. Saya kadang makan makanan secara sembunyi-sembunyi. B S
27. Saya sering merasa cemas saat akan makan. B S
28. Orang lain mengomentari kebiasaan makan saya. B S
29. Nafsu makan saya tidak berubah akhir-akhir ini B S
30. Saya jarang menghindari makanan yang membuat gemuk (banyak
lemak).
B S
31. Saya sering tetap makan meskipun saya merasa sudah kenyang. B S
32. Saya merasa tidak puas dengan tubuh badan saya. B S
33. Saya sering ‘pilih-pilih’ makanan saya. B S
34. Saya tidak begitu memperhatikan seberapa banyak saya makan. B S
35. Saya cenderung ngemil makanan tertentu. B S
36. Saya kadang menghindari makan meskipun saya merasa sangat lapar. B S
37. Saya cenderung berlebihan dalam memandang pentingnya berat
badan.
B S
38. Saya jarang sekali merasa bersalah setelah makan banyak. B S
39. Saya sering makan lebih banyak ketika sedang sedih. B S
40. Saya jarang memperhatikan nilai kalori makanan yang saya makan. B S
41. Saya sering memulai makan dan merasa tidak menghentikannya. B S
42. Saya lebih suka makan sendirian. B S
43. Saya lebih memilih untuk mempunyai berat badan yang lebih rendah
dari pada berat badan sekarang.
B S
44. Saya ‘memperhatikan’ apa yang saya makan. B S
45. Saya lebih suka  menyiapkan sendiri semua makan saya. B S
46. Saya jarang makan berlebihan. B S
47. Saya senang jika perut rasanya rata atau kosong. B S
48. Saya sering makan meskipun saya sedang tidak lapar sama sekali. B S
49. Pola makan saya berhubungan dengan suasana hati (mood) tertentu. B S
50. Saya sering  melakukan diet. B S
51. Saya kadang melengkapi diri dengan (membawa bekal) makanan. B S
52. Pola makan saya akhir-akhir ini berubah. B S
53. Saya tidak menikmati makan bersama dengan orang lainnya. B S
54. Berat badan saya jarang naik turun. B S
55. Perut saya jarang terasa kembung setelah makan nasi. B S
56. Saya cenderung menilai secara berlebihan tentang pentingnya
makanan.
B S
57. Saya makan dalam jumlah sedang di depan orang lain, namun
kemudian makan banyak setelah mereka pergi .
B S
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Contour Rating Drawing Scale (CDRS)
Petunjuk
Pilihlah gambar-gambar berikut yang menurut Anda paling dapat mewakili:
1) Tubuh anda saat ini (nomor .........)
2) Tubuh yang paling ideal yang anda inginkan (nomor..........)
1               2                3               4             5              6              7              8               9
Perempuan
326
Contour Rating Drawing Scale (CDRS)
Petunjuk
Pilihlah gambar-gambar berikut yang menurut Anda paling dapat mewakili:
1) Tubuh anda saat ini (nomor .........)
2) Tubuh yang paling ideal yang anda inginkan (nomor..........)
1                 2              3                4 5               6               7              8                9
Laki-laki
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE (IPAQ)
Kami tertarik untuk mengetahui berbagai aktivitas fisik yang dikerjakan masyarakat
sebagai bagian dalam kehidupan sehari-hari. Pertanyaan berikut akan menanyakan
kepada anda tentang waktu yang anda habiskan untuk aktif secara fisik selama 7
hari terakhir. Jawablah tiap-tiap pertanyaan meskipun anda tidak menganggap diri
anda sebagai orang yang aktif. Pikirkanlah aktivitas yang anda kerjakan saat anda
bekerja, sebagai bagian dari pekerjaan rumah dan halaman, perjalanan dari satu
tempat ke tempat lain, dan dalam waktu luang anda pada saat rekreasi, latihan,
atau olahraga.
Pikirkanlah segala aktivitas fisik berat maupun sedang yang anda kerjakan dalam 7
hari terakhir. Aktivitas fisik berat merupakan aktivitas yang membutuhkan tenaga
fisik yang kuat dan membuat tarikan nafas anda lebih cepat dari normal. Aktivitas
fisik sedang merupakan aktivitas yang membutuhkan kekuatan fisik sedang dan
membuat tarikan nafas anda sedikit lebih cepat daripada normal.
BAGIAN 1: AKTIVITAS FISIK YANG BERHUBUNGAN DENGAN PEKERJAAN
Bagian pertama berikut tentang pekerjaan anda, termasuk pekerjaan yang digaji, bercocok
tanam, pekerjaan sukarela, serta pekerjaan lainnya yang tidak dibayar yang anda kerjakan di
luar rumah. Perlu diketahui, jangan memasukkan pekerjaan yang anda kerjakan di dalam
maupun di sekitar rumah seperti pekerjaan sehari-hari dalam rumah, pekerjaan di pekarangan
rumah, perawatan secara umum, perawatan rumah dan keluarga, dll. Hal tersebut akan
ditanyakan pada Bagian 3.
1. Apakah akhir-akhir ini anda mempunyai pekerjaan yang digaji atau melakukan pekerjaan
apapun yang tidak dibayar di luar rumah?
a) Ya
b) Tidak ada  Lanjut ke BAGIAN 2: TRANSPORTASI
Pertanyaan selanjutnya tentang aktivitas fisik yang anda kerjakan selama 7 hari terakhir
sebagai bagian dari pekerjaan yang dibayar maupun yang tidak dibayar. Tidak termasuk
perjalanan berangkat dan pulang ke tempat kerja.
Pikirkan hanya aktivitas fisik yang anda kerjakan minimal 10 menit sekali waktu.
2. Selama 7 hari terakhir, berapa hari anda melakukan aktifitas fisik berat seperti
mengangkat benda-benda berat, mencangkul/menggali lubang, melakukan pekerjaan
tukang yang berat, atau naik turun tangga gedung/bangunan sebagai bagian dari
pekerjaan anda? Hanya pikirkan tentang aktivitas fisik yang Anda lakukan setidaknya 10
menit sekali waktu.
a) ……. hari per minggu
b) Tidak ada pekerjaan yang memerlukan
aktivitas fisik berat Lanjut ke pertanyaan no. 4
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3. Berapa lama waktu biasanya anda habiskan dalam sehari untuk melakukan aktivitas fisik
berat sebagai bagian dari pekerjaan anda (pertanyaan no. 2)?
a) ……menit per hari
4. Lagi, pikirkanlah hanya aktivitas fisik yang anda kerjakan selama paling tidak 10 menit
sekali waktu. Selama 7 hari terakhir berapa hari anda melakukan aktivitas fisik sedang
seperti mengangkat benda ringan sebagai bagian dari pekerjaan anda? Tidak termasuk
berjalan.
a) ……. hari per minggu
b) Tidak ada pekerjaan yang menuntut
aktivitas fisik sedang  Lanjut ke pertanyaan no. 6
5. Berapa banyak waktu yang biasa anda habiskan pada satu hari untuk melakukan aktivitas
fisik sedang sebagai bagian dari pekerjaan anda (pertanyaan no. 4)?
a) ……. Menit per hari
6. Selama 7 hari terakhir, berapa hari anda berjalan selama minimum 10 menit sebagai
bagian dalam pekerjaan anda? Tidak termasuk berjalan dalam rangka berangkat ke
ataupun pulang dari tempat kerja
a) ……. hari per minggu
b) Tidak ada waktu berjalan yang
berhubungan dengan pekerjaan  Lanjut ke pertanyaan no. 8
7. Berapa lama waktu biasanya anda habiskan untuk berjalan pada hari-hari tersebut
sebagai bagian dari pekerjaan anda (pertanyaan no. 6)?
a) ……. Menit per hari
BAGIAN 2: AKTIVITAS FISIK DALAM TRANSPORTASI
Pertanyaan berikut tentang bagaimana anda melakukan perjalanan dari dan ke suatu tempat,
termasuk tempat kerja, toko, pasar, dsb selama 7 hari terakhir, minimum 10 menit.
8. Selama 7 hari terakhir, berapa hari anda melakukan perjalanan dengan kendaraan
bermotor seperti kereta api, bis, mobil, atau angkot?
a) ……. hari per minggu
b) Tidak ada perjalanan dengan kendaraan
bermesin  Lanjut ke pertanyaan no. 10
9. Berapa lama waktu biasanya anda habiskan untuk perjalanan dengan kereta api, bis,
mobil, angkot, atau jenis kendaraan bermotor lainnya pada hari-hari tersebut? Berapa
lama anda melakukan aktivitas tersebut pada no. 8?
a) ……. Menit per hari
10. Selama 7 hari terakhir, berapa hari anda bersepeda selama minimum 10 menit sekali
waktu saat bepergian dari satu tempat ke tempat lain Berapa hari anda bersepeda saat
bepergian dari satu tempat ke tempat lain?
a) ……. hari per minggu
b) Tidak ada bersepeda dari satu tempat ke
tempat lain  Lanjut ke pertanyaan no. 12
11. Berapa lama anda melakukan aktivitas tersebut pada no. 10?
a) ……. Menit per hari
12. Selama 7 hari terakhir, berapa banyak hari kamu berjalan selama setidaknya 10 menit
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sekali waktu untuk pergi dari satu tempat ke tempat lainnya?
a) ……. hari per minggu
b) Tidak ada  Lanjut ke pertanyaan no. 14
13. Berapa banyak waktu kamu habiskan buat berjalan dari satu tempat ke tempat lain tsb
(pertanyaan no. 12)?
a) ……. Menit per hari
BAGIAN 3. PEKERJAAN RUMAH, PERAWATAN RUMAH, DAN PERAWATAN KELUARGA.
Bagian berikut tentang aktivitas fisik yang anda kerjakan di dalam maupun di sekitar rumah,
misalnya melakukan pekerjaan rumah, berkebun, merawat halaman, merawat keluarga, serta
pekerjaan rumah lainnya. Pikirkan tentang aktivitas fisik yang anda lakukan selama setidaknya
10 menit dalam sekali waktu selama 7 hari terakhir.
14. Pikirkan tentang aktivitas fisik yang anda lakukan setidaknya selama 10 menit dalam
sekali waktu. Selama 7 hari terakhir, berapa banyak hari anda melakukan aktivias fisik
berat seperti mengangkat benda-benda berat, memotong kayu, atau mencangkul di
kebun?
a) ……. hari per minggu
b) Tidak melakukan aktivitas fisik berat
 Lanjut ke pertanyaan no. 16
15. Berapa banyak waktu biasanya anda habiskan untuk aktivitas fisik berat pada hari-hari
tersebut (pertanyaan no. 14)?
a) ……. Menit per hari
16. Lagi, pikirkan hanya aktivitas fisik yang anda kerjakan selamaminimum 10 menit pada
sekali waktu. Selama 7 hari terakhir, berapa hari anda melakukan aktivitas fisik sedang
seperti mengangkat benda-benda ringan, menyapu halaman, membersihkan jendela,
menyiram tanaman di kebun?
a) ……. hari per minggu
b) Tidak ada  Lanjut ke pertanyaan no. 18
17. Berapa lama biasanya anda melakukan aktivitas sedang pada hari-hari tersebut
(pertanyaan no. 16)?
a) ……. Menit per hari
18. Sekali lagi, pikirkan hanya aktivitas fisik selamaminimal 10 menit dalam sekali waktu.
Selama 7 hari terakhir, berapa banyak hari anda melakukan aktivitas fisik sedang seperti
mengangkat benda-benda ringan, membersihkan jendela dan menyapu/mengepel lantai
di dalam rumah?
a) ……. hari per minggu
b) Tidak ada aktivitas fisik sedang di dalam
rumah  Lanjut ke pertanyaan no. 20
19. Berapa lama waktu anda habiskan untuk sehari-hari anda melakukan aktivitas fisik
sedang di dalam rumah tsb (pertanyaan no. 18)?
a) ……. Menit per hari
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BAGIAN 4: REKREASI, OLAH RAGA, DAN AKTIVITAS FISIK DI WAKTU SANTAI
Bagian ini tentang aktivitas fisik yang anda kerjakan selama 7 hari terakhir tentang rekreasi,
olah raga, atau hiburan lain di waktu santai. Aktivitas fisik yang sudah anda sebutkan pada
pertanyaan-pertanyaan sebelumnya jangan disebutkan lagi.
Bagian ini tentang aktivitas fisik yang anda kerjakan selama 7 hari terakhir minimum 10 menit
sekali waktu tentang rekreasi, olah raga, atau hiburan lain di waktu santai. Aktivitas fisik yang
sudah anda sebutkan pada pertanyaan-pertanyaan sebelumnya jangan disebutkan lagi.
20. Selama 7 hari terakhir, berapa banyak hari anda melakukan aktivitas berjalanminimum
10 menit pada saat santai anda?
a) ……. hari per minggu
b) Tidak ada aktivitas berjalan pada waktu
santai  Lanjut ke pertanyaan no. 22
21. Berapa lama waktu anda biasanya habiskan untuk jalan di waktu santai tersebut
(pertanyaan no. 20?
a) ……. Menit per hari
22. Pikirkan hanya aktivitas fisik yang anda kerjakan selamaminimum 10 menit sekali waktu.
Selama 7 hari terakhir, berapa banyak hari anda melakukan aktivitas fisik berat seperti
aerobic, lari, naik sepeda dengan kencang, berenang kencang, dalam waktu santai?
a) ……. hari per minggu
b) Tidak ada aktivitas fisik berat selama
waktu santai  Lanjut ke pertanyaan no. 24
23. Berapa lama anda melakukan aktivitas fisik berat di atas (pertanyaan no. 22)?
a) ……. Menit per hari
24. Lagi, pikirkan hanya aktivitas fisik yang anda kerjakan minimum 10 menit dalam sekali
waktu. Selama 7 hari terakhir, berapa banyak hari anda melakukan aktivitas fisik sedang
seperti bersepeda dengan santai, berolah raga ringan, berenang dengan santai selama
waktu senggang anda?
a) ……. hari per minggu
b) Tidak ada aktivitas fisik sedang selama
waktu senggang  Lanjut ke pertanyaan no. 26
25. Berapa lama anda melakukan aktivitas tersebut pada no. 22?
a) ……. Menit per hari
BAGIAN 5: WAKTU UNTUK DUDUK
26. Selama 7 hari terakhir, berapa lama waktu anda gunakan untuk duduk dalam hari-hari
kerja anda? (di rumah maupun di tempat kerja)
a) ……. Menit per hari
27. Selama 7 hari terakhir, berapa banyak waktu anda habiskan untuk duduk selama hari
libur anda?
a) ……. Menit per hari
Akhir dari kuesioner ini, terimakasih atas partisipasi anda.
